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FOREWORD TO STUDENTS .

This Radiological Safety Handbook is a study aid for students *

attending the Radiological Safety Course instructed by the NBC Division,
and_GrOund Support Training Department,. U.S. Army Ordnance

Center and School, Aberdeen PrOving Ground, MD 21005. It should prove
invaluable in providing students with the practical knowledge of solving
problems _pertinent to radiological safety - a must for the completion of

this course -- and will be .a valliable asset for on-the-job reference.
t

Subjects are presented numerically according. to their file
numbers, with pages within each lesson numbered. in sequence.

Each lesson file number is presented in five par,ts as applicable.

I. References and/or DisCus'Sion.

Lesson Objectives and Notes.

111. Labol-atory EXercise and/or Handouts.

IV: Problems.

V. Solutions to Problems.

Bccause there may be several correct methods of solving the '

problems, the solutions given are for only one method. Other methods
may be equally valid but may give.a slightly different numerical
answer; reasonable agreement, though, is necessary.

This publication has deliberately been slanted toward. a specific
objective; there is no claim of its being exhaustive or all-inclusive.
Instructors will be happy to recommend other references when further
information is desired or reauired-

The NBC Division welcomes any'comments or corrections concerning
this handbook.

6
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PADIATION SAFETY PRECAUTIONS.

A. Radiation Hazards:

To train personnel properly in the use and operation of radiac
instruments, radioactive materials are used in many of-the exer-
cises conducted .in the Radiological Laboratgries. There is a

N.htalth hazard involved when these radioactive materials are used
Safety measures have bele,a_prescribed so that these-hazards may--
b4 reduced to a safe limit. 'An office has been set up to insure
that these safety measures are carried out.'" This organization
is known as the Health Physics Division.

B. Safety Procedures.

1. The fundamental purposes for radiation safety measures are:

*a, to prevent ingestion, inhalation, or othtr entry of
radioisotopes into the body,

to maintain the_amount of external exposure to ionizing
radiation below permissible limits, an

c. , to minimize the exposure of pers'Onnel to harmful ionizing
rddiation.

2. . The prescribed radiation safety precautions used at the U. S.Army Ordnance Center and School include the following:
a. Personnel will wear film badges for all laboratory

'

periods. These.film badges are initially. signed for
by students in the home classroom. For all classes
requiring film badges, students obtain them from the
film badge racks outside the scaler lab (classroom T).
These racks contain numbered film badges. Posted above,
the'racks is a class roster indicating the film, badge
assigned to each student. 8ecords bf radiation exposures
are made for all personnel exposed to radiation, at the
School. These reac,;lsare-kept on permanent file in'the
Radiation Dosimet ection, and at the conclusion of 41,
each class the student's organization receives a copy
if his dose exceeds 20 nnrern.

b. No smoking, drinking, or eating is permitted at anytime
in the presence of radioactive materials. Areas in the k

laboratories in which these safety precautions are en-
forced are the scaler laboratory (LAB 9), laboratory'-4 &
Bldg 5218, and the alpha monitoring area.

7,
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c. Hands will be washed prior to each departure from the
laboratory when radioactive emitters have begn handled.
Lavatory facilities are provided for this purpose.

,d. Radioa we materials user the calibration of radiac
instrum ents will not be handled or tampered with in any
way by unauthorized personnel.
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DB010, STRUCTURE OF\MATTER,
. .

I. References: Chapters 1 and 2 attachods ST 3-155, para 1.1-1.5.
II. Lesson Objectives and Notes:

C

k

A. Concept of atoms including protons, electrons, and neutrons.
z .--

B. Use of the A and Z number notation.

C. Concept of isotopes.

i
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Notes:,

III. Handouts: None

IV. Problems: -None

V. Solutions: None

2



f CHAPTER 1

STRUCTURE OF .

1.1. GENERAL

In order to understand nuclear radiation, one must acquire a knowl-
edge,of the structure of matter, particularly the structure of the,atom.
Nuclear radiation comes from within matter as a spontaneous emission;

', specifically, it comes from the nucleus of the This chapter
provides a brief discussion of the structure of the at as a hack-

'ground for studying the nature of radiation.

1.2. ELEMENTS AND COMPOUNDS

a. 'The following definitions dealing with the structure of matter
are necessary: P

(1) Elements are pure substances which cannot be broken down
into simpler substances by chemical reactions. The smallest
subdivision of the element which maintains-the properties of
the element is the atom.

(2) Compounds are substances (consisting of two or more elements)
which may. be broken down into simpler substances by chemical
reactions; and, likewise, may be formed from simpler sub-
stances. The new ces ormed do not exhibit the
characteristic of the origi substance. For example,
sugar is a c ound which can be broken down into theele-

. ments carbon, hydrogen, and oxygen. The smallest subdivision
of the compound which ,still retains its properties is the

"molecule, which Is a group of two or more atoms tightly, held
together.,

b. The dql4dction between an element and a compound is made. on the
basis of chemical reactions. Means of producing chemical reactions
include such procedures as heating, applying pressure; using-a substance
which promotes reaction (catalyst), electrolysis, or other change. If
large numbers of reproducible experiments on some pure isolated substance
show that none of these means is capable of breaking the substance down
into still other substances) then the substance is said' to be an element.
There are 92 naturally oceIrring elements and in recent times 11 addi-
tional elements have been produced artificially in laboratories. From'

t
the e 103 elements, it is possible to produce by chemical reaction all
the known (as well as many that are as yet unknown): For
example, water is made up of'the'elements hydrogen and oxygen. When .

two atoms ofhydrogellmbine with one atom of,oxygen, they form one
molecule of the compb water.

3
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c. It- is exceedingly difficult-to visnalize the fantastically small

s:ze of atoms. For eAample, in one grain of ordinary table salt, there

are approximately 1,300,000,000,000,000,000,000 atoms, half of which

are sodium atoms and half of which are chlorine atoms. Each atom has

a diameter of about 0.00000001 centimeter.

d. Each element has a different name and is represented by a symbol,

whichFiL simply a shortb2ra notation. For example, the element hydrogen

is given the symbol:1N"; 'the symbol for the element helium is "He." In

general, these symbols ak-e chosen as the first letter or first two let-

ter's of the element name, although to avoid duplication it may be neces-

sary to use the first letter and a letter other th'en the second, Also

some of the symbols appear illogical because they are based on the olds

Latin names for the elements, such as "Na" for sodium and "Au" for gold.

The great advantage of the element symbols is that they, nable one to

represent chemical reactcion and chemical compounds in an abbreviated

fashion; for example, the statement that a molecule of water is composed

of two atoms ofhydrogen and Ate atom of oxygen may be abbreviated by

saying that the formula for water is "H2O."

1.3. ATOMIC STRUCTURE

a. In spite of their extremely small -size, atoms are built up from

still smaller particles. There are three such particles, the electron,

the proton, and the neutron. 'The many different kinds of atoms are all

' produced by combining these' three particles in diC'erent n bers.

b. Although atoms from:one element differ from those f another, all

atoms havethe same general type of structure and ,are often described,

by comparing them to our solar system. (Although we now know this is

not strictly correct, its features give a good explanation of the simple

phenomena which will be considered in this text.) The nucleus is the

center of the atom, just as the sun is the center of our solar system.

The nucleus hasa positive electrical charge and is composed of one or

'more protons and neutrons. Moving at great speed around the nucleus'

LT orbits, much as planets move about the sun, area number of particles

called electrons. The electrons have a negative charge. This structure

is illustrated in figure I.3a.

13



ORBITS
Electrons (in, orbit)

Protons
NUCLEUS

-1 Neutrons

Figure 1.3a. Structure of an atom.

.1

c., The electrOns are not distributed at random about the nucleus,
but exist in arrangements that follow definite laws. As the atom
becoMes more complex-the electrons are found in several orbits or
shells, of different- sizes. No more than two electrons may'be-present
in the first shell, no matter which atom is under consideration, If
an atom has more than two electrons, the electrons in excess, of two
will lie in shells past the first one. The shells are normally desig-
nated by capital letters, the first shell being denoted 1SY lc the
second by L, the third by M, and so on (fig. 1.4p). In the more com-
plex atoms, like those of radium and uranium, there are as many as
seven electron Shells surrounding the nucleus of the atom.,

olw
d. The nucleus contains almost all of the mass of the atom, yet

'the diameter of the atom roughly 10,000 times the diameter. of the
nucleus. The atom, therefore, is composed mostly of empty space.

e. One may very well wonder what holds the atom together. It is
well known that unlike electrical charges attract one another, whereas
like electrical charges repel one another. Since the electrons have a
negative charge and the nucleus has a positive charge, there is a force
of attractionbetween them. What,. then, keeps the electron from being
pulled into the nucleus? .The electrons are traveling at great speeds
in orbits about the nucleus, and, as a result, there is a centrifugal
force tending to throw the electrOn away from the nucleus. The balance

514



"K" SHELL

Figure 1.3b. Atom structure showing shelf designations. (Struc-

ture of a carbon atom shOwing nucleus containing 6
protons and 6 neutrons surrounded by 2 electrons in
the first, or "K," shell and.,4 electrons in the "L':

sWell.) s .

betwebn the attractive electrical force and the centrifugal force keeps

the electrons in their orbits.

f. Let us-considtr two properties of each of.the three kinds of

parTicles'of an atom: their charge and.their mass. The term "charge"

refers to their electrical charge. The magnitude of the electrical

charge on an electron has been chosen as one unit of charge. The term .

"mass" refers to a measure of the quantity of matter and'atomic mass is
the measure of the quantity of matter in' an atom. Because atoms are

so very small, it would'be exceedingly inconvenient to give their
masses in terms of pounds, ounces, or even grams. kftifferent'systeM

has been artttrarily set up. It is called the atomic mass unit (amu)

system. One atomitmas8.unit isfa relative unit defined by arbitrarily .

assigning to the atom of ordinary carbon a mass of 12 amu. On this

6
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scale the mass of the proton is apprOximately 1 atomic mass unit, and
the other particles may be compared with it as a standard.

(1) The electron is a negatively charged particle (charge of -1)
and has a miss of approximately 1/1845 atomic mass unit. It;

is by far the lightest of the three basic particles.

(2) The proton has a mass of approximately 1 atomic mass unit and
has a charge of +1.

(3) The neutron has a mass only slightly larger than that of a
proton. For the purposes, of this text, it may be said that
it has a mass of 1 atomic mass unit. (Itsmass may be stated
as 1+ to indicate that it is slightly more than that of the
proton.) The neutron has no electridal charge (neutral).
Since the nucleus of an atom hasonly protons and neutrons in
it, it has a positive electrical charge and the magnitude of
this charge is the.same as the number of protons in the nucleus.
The properties of these particles are summarized in table 1.1.

Table 1.1. Properties of Atomic Particles

Particle Charge
'

Mass lamiii

Approximate

.

Location within the atom
Exatt

Electron

Proton

Neutron .

-1

+1

0

0.000549

1.007277

1.008665

1
Orbits outside nucleus

,Nucleus

--.2:NUcleds

18 45

1

1+

g. We know from everyday experience that the.objects, around us are
electrically neutral. If this were not sol,we would receive enormous
electrical shocks from everything we touch. This must mean that every
atom in the things around us is electrically neutral. The only way
this is possible i6 for the atom to have the same number of electrons
and, protons, thus creating a balance between the positive and negative
charges. Therefore, a statement of the number of protons in an atom is
also a statement of the number of electrons.

h. What holds the nucleus together? The only charged particles in
it are protons, which ought to repel each other. This phenomenon is
being investigated with great interest by vhysicists. It is known that
there is some force"acting.to hold the nucleus together which is unknowa,,
in connection with any other physical phenomenon. If, for example, two

1.
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9
protons were brought slowly together, the force of repulsion due to

their having like charges would become stronger and stronger until they

were extremely close together, when suddenly the a4trdetive force acting

on nuclear particles would take over and the two protons4wOuld be ///
brought strongly together. At present, the nature of this attractive

,force remains a mystery..

i. Figure 1.3c shows some examples, selected at random, of atomi
structures to illustrate that the atoms of all elements are made up,
from different combinations of the same three ba47.6-particles.

1.4. THE A AND Z NUMBER SYSTEM I

I

a. A shorthand notation has been developed which quickly indicates

the exact structure of any atom. The notation is as follows:

.X , in which
X

X is a general representation of any element symbol (in eac

case the appropriate element symbol would be used

Z F the number of' protons in the nucleus

A= the number of protonSand neutrons in the nucleus .

b. Since the Z number is equal to the number of pr tons in the

nucleus, it is also equal to the number of electrons utside the nucleus

in the normal neutral atom. The Z number is uspally called the atomic

number. The significance of this term is that all t the elements may be

arranged in a sequence according to certain measurable chemical and

physical,properties. This sequence corresponds to an increasing number

9f protons, so that the position of the element i this sequence (its

"atomic number ") IS the same as the number of pro ons.

c. The ,chemical properties of an atom depend on the number of elec-

trons it possesses; only electrons,takeyart in chemical reactions; the

nucleus' is unaffected. Since the number of pr ons equairs the number

of electrons, it is possible to say that the c emioal properties depend

on the number of protons. Thus, the number of/protons (Z number, or

atomic number) identifies .Which element is represented by a particular

atomic, structure. For example, all atoms of the chemical element sodium

have 11 protons. Therefore, writing a Z number of 11 is the same as'

writing that the element is sodium or that the element syMbol.is Na.

Thus, the Z number effectively tells what the element is, and, conversely,

the element symbol tells what the Z number is, although it may be needs--

sary to go to a table to determine one from the other.

8
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, HYDROGEN

LITHIUM
7'
3
Li

Q ELECTRON

PROTON

0 NEUTRON .

a

HELIUM He
2

1,2:gure 1.3c. Examples of atomic structures.
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d. The A nuMber is often called the nucleon number. A nucleon is ,

defined igs any particle found in-the nucleus; the term simply provided
a convenient way of referring to both protons and neutrons. Since the
A number represents the sum of, the protons and neutrons, it is equal to
the number of nucleons. The A number is also called the ,atomic mass
number.. Since the mass of both the proton and the neutronis aPproxi-
mately,one, the sum of protons and neutrons gives the mass of the
nucleus (and the atom, because the masses of the electrons are nearly
zero); hence, the term "atomic mass'number."

e.. The number of neutrons in the atom is given by the difference

between the and Z numbers:

A --"Z = numher of neutrons'

f. An dxample of the A and Z number terminology and the deductions
that can be made'from it are indicated below.

.,EXAMPLE:

35C
17

1

Number of protons in this atom: 17
s

Number of electrons in this atom: 17

C

S.

Number of neutrons and protons (nucleons) in this atom: 35

Number of neutrons in this atom: 35 - 17 = 18

Element of which this is an atom: Cl (chlorine)

1.5. ISOTOPES

a, It is possible for different atoms of the same element to-have
somewhat different nuclear stt6tures. This difference must not be in
the'number of protons, since at has alieady been stated that the element
is determined by the number dr protons in the nuclei of the atoms of

the substance. The difference is in the number of neutrons. For: example,

there are three known formS.of the element hydrogen (three isotopes of
hydrogen)--two are found in nature and one is manmade. The structures

of these three atomic forms of hydrogen are illustrated in figure 1.5.

b. Figure 1.5 should indicate to the reader the criterion for iso-

topes: Two (or more) atoms are isotopes if they have the Same number

of.nrotons but different numbers of neutrons. Another way of stating

the same definition is: Two (or more atoms are isotopes if they have

the same,Z number but different A numbers.

10.



Numberofprotons

Ak Element

Eleinent symbol

Number of neutrons

Number of nucleons

Complete symbol

c

)

Hydrogen-1 Hydrogen -2 Hydrogen -3
i (Deuterium) (Tritium)

H / H . H
.

0 7 2

3

1:11 lx

'1'

Figure 1.5. The isotopes of hydrogen.

c. Since two atomic forms which a 're isotopic haye the same number
of,protons, they have the same number of electrons; therefore, they
will behave the same chemically. The differences in'>ehavior are in

scal properties; for example, hydrogen-1 (1H) and hydrogen -2
( H) are not radioactive, yet hydrogen-3 (iH) is radioactive.

d. Because the three isotopes of hydrogen have bdbome very important
in nuclear-work, each has been given a separate name for simplicity in
speaking. These.names are:

hydrogen-1 (common) hy drogen
hydrogen-2 deuterium
hydrogen -3 tritium

Hydrogen is the only element for-which a special nomenclature has been
devised for the different isotopes. For all other elements, the differ-
qnt isotoes are spokeh of by the more basic nomenclature; for example,
2He and

2He are referred tb as helium-3 and helium-4 respectively.

e. Isotopes always occur as two or more for any give n element. It
is proper -0 speak of isotopes as isotopes of the element which they
repregent; thus, helium-3 and helium,-4 may be spoken of as the isotopes,
of helium.

20
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f. II,ugh custom, a rather "ooseterminology has become accepted
in which d 1 atomic species -rtollectivttly'referred to as isotopes.

For e 7e, one 7ni.ght read that "two radidactive isotopes commonly

usea to,, ibrate radiac instruments are cobalt-60 and cesium-137."

This to Agology is actually in error, since these two Structures are

not isotopes of one another: However, such usage is quite common. -A

more accurate way of speaking employs the term "nuclide." A nuclide is

any nuclear species; Thus, the statement "Two radioactive nuclides
commonly, used to calibrate radiac instrumentS\are cobalt-60 and cesium-

'

137," contains no error. The more accurate terms "isotope" and "nuclide"

Will be used in this text.

1.6. MASS-ENERGY EQUIVALENCE

For centuries man believed in twin laws of conservation, the conser-

vation of enemy, which states energy cannot be created nor destroyed,':

and the conservation of matter, which states that mass cannot be Created

nor destroyed. Today we know that these laws are no valid when they

are considered indivdua11y. In 1905 Einstein discov red a new law

often referred to as conservation of mass - energy whit states that mass

and energy cannot be created or destroyed but can be c nverted from one

form to the other, Thus, if some mass disappears, an valent amount

of'energy will. appear. This equivalence is given by the equation:

E = mc2 rr

where:

E = thp, rgy in ergs

m = rest mass in grams

c = speed of lightO- 3 x 10" cm/sec

This equation states that any body having a rest mass (m) also has a

total efibpgy (E) associated with it given by the product of its mass

Multiplied by the square of the speed of light. On the basis ofthis

concept t a 1-gram mass tf an element is equivalent to an energy of

9 x 102° ergs:

E = mc2

E = (1)(3 x,1010)2 ergs

E = 9 x 10-
P0 ergs

and since 1,erg = 2.78 x 10-14 kilowatt-hours

21 12
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E (9 1020) x 2.78 x 10-14)

= 25,000,000 kilowatt hours

This 'amount of energy, in thermal units, is equal to approximately 85
billion BTU or 21 trillion calories of heat energy.'

1.7. MASS DEFECT AND BINDING ENERGY

One might believe that the mass of an atom could be determined by
counting the number of neutrons, protons, and electrons, and simply
ding the masses of these basic particles. Let's experiment with'

, a common isotope ofIrluorine. This isotope has 9 protqns, 9
electrons; and tO neutron

nine protons (9 x 1.0072'n) = 9.065493 amu -

nine electons (9 ;0.000549)'' = 0.004941 amu

ten neutrons (10 x 1.008665) =' 10.086650 amu
Total 19.157084 amu

19.1570 amu represents the sum of the masses of the basic particles
in. the ?F atom. From a table.of atomic Masses, such as may be found

9

in Ordnance Pam 2'5, we find that the known mass ofthis.nuclide

is 18.998405 amu. -The difference between the known mass
and the sum of the masses of the particles is 0- .158679 amu. It appears
that the 1F atom is miss -in;, this amount of class. Careful study has
shown that wheh do atom is formed from the basic particles a certain
amount of mass digapiears and changes to energy in accordance with
Einstein's E = me.. This mass that is lost is called the mass defect.'
Every different-atom has a'different mass defect. The energy that is
released when an atom is formedfrod the basic particles is proportional
to the mass defect and is called the binding.enei.u.of the atom. Be-

. cause binding energies for partidalar atoms are much smaller than
energies we are familiar with in everyday life; 6 small unit of energy
must be used to describe them. Art electron volt (evYis a useful small
unit of energy cOmmonly'used in nuclear physics. To define an electron
volt, consider two parallel charged plates connected by a 1-volt battery.
One plate wril be attached to thepositive pole of the battery and will .

therefore have a positive charge -'on it; the other plate will be aached
to-the negative'pole and have a negative charge on it. If an electron.
is released near the surface of the negative plate, it will be attracted,
to the positive plate since an electron is negatively charged. The amount
of kinetic energy (speed) that It will possess when,it hitts the positive'
plate will be equal to 1 electron volt. In the nuclear dvents.discussed
in the 'later chapters of this text, units of millions of electron volts
(Mev) are used.

22
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CHAPTER 2

NATURE OF RADIOACTIVITY

I

\
2.1. GENERAL - -

An understanding of the military aspects of radioactivity and radi-
ation hazards requires some knowledge of the nature,of radioactivity:,
This chapter is designed to give the reader that knowledge. It begins
with a brief historical background, then discusses the observed prop-
erties of each type,of nuclear radiation and how we mar reptesent
these radioactive,processes in nuclear reaction equations. A brief
discussion is giver concerning the origin of the different types of
radiation in the nucleus. Several examples of artificially induced
reactions are given, including two especially important ones =- fission

and fusion.

2;2. HISTORICAL BACKGROUND

a. Most persons, first heard of nuclear radiation when the first
atomic bombs were dropped on Japan in 1945. Therefore, it,is commonly

believed that nuclear radiation is somethingyery'new to tan's experience.

This is not true; actually, nuclear radiation was discovered in 1896 by

a French scientist named Henri Becquerel. Becquerel experimented with
fluorescent crystals which when struck by ordinary white light gaYe off

in return light of,some:eolor, such as pink or green. He discovered,

he believed, that certain crystals when struck by light gave off some

sort of very penetrating rays, different from light rays, capable of

penetrating thin sheets of paper or metal.

b. an theCou*e'of trying to determine the properties of these'

substances that gave off the penetrating rays, Becquerel regularly

performed the following experiment: He 41.apped a photographic plate

with a piece of paper so that light could not get to the plate and

expose it; thenron top of the paper be put'a small pile of crystals

of a salt of uranium (impure):- 'He then placed this apparatus outdoors

in the sun all day. At the end_of.the day,' he 'brought'the entire set

of materials indoors and developed the photographic' plate. alwayffl

founda black hot on the plate under -the Crystals: This led him to

the belief that, when these crystals were exposed to light they gaye

off some previously unknown kind of radiation which was capable Of pene- '

trating the paper and 'exposing the.film.
- ! '

c. Becquerei's experiments with these crystals.might:haye proved no

more inforthative,thin this if it had.notseen for a lucky accident. One

day When he was preparing,to.set his standard experiment in the sun, the

sun failed to come out; he therefore-placed the entire apparatus in his_

top desk drafter to await a sunny 'day. .As it happened the sun failed to
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shine for several days; on the first day that it did come out he was
going to place the apparatus in the sun, but, for some unknown reason,
he developed the plate directly instead. It turned out that the plate
was blackened under the crystals in spite of the fact that theentire
apparatus had been in darkness for several days. This forced Becquerel
to revise his original conclusion about these crystals. .Apparently
light was not necessary to cause these d'rystals to give off the pene-
trating rays; rather,-these rays were given off spontaneously from
within the material itself without the assistance of any outside agency.
We now know thelt. these rays come from the nuclei of the atoms of the
material; for this reason, they are called nuclear radiation.

d. FUrther research by Becquerel and others demonstrated that the
emission of the strange new penetrating rays by these-substances (called
radioactive substances) was unaffected in any way-by heat, light, pres,
sure, chemicals, mechanical force,or any other means known then. Much
experimental work wets done in the years following tecquerel's disCovery
in an attempt to find out what sort of phenomenon these rays were. The
following paragraph describes one of these early experilme4s and the
conclusions drawn from it.

2.3. TYPES OF RADIATION
.

, a. At first it was believed that the rays emitted by radioactive
substances were composed of only one kind, the nature of which was
unknown. An early experiment which proved that this belief was untrue
is illustrated in figure 2.3. In the experiment depicted in part (1)
of-the figure,:a sample of radium (one of the fewsradioactive substances
known at the time) was placed at the bottom of a cylindrical hole drill9d
in a piece of lead'(the 'figure shows across section of the lead"block).
As will be explained in DF060 and DF100, lead has the'ability to absorb radi-
ation very effectively, so that very little of the radiation escaped
around the sides of the bloc Therefoxe, there was essentially a
'straight "beam" of radiatio directly out the hold: A photographic
plate was plat edacross.th path of the radiation and upon development
showed one char spot in the center of the plate. This confirmed the
notion'that'onl one thing was present in this beam of radiation.A.

b. In the expr ent depicted in Part (2) of figure 253, the beam
of radiation was subj_cted to a strong electrical field. A photographic
plate was placed inthe beam of the radiation. However, when the plate.
was deVeloped it wad fo d that there were three black spots on the plate,
indicating that the electric field had separated the beam of radiation
into three kinds of radiation, as illustratedin the figure. Since no
one knew what these three kinda of-radiation were at the time, they
were arbitrarily named.by the first three letters of the Greek alphabet--

t.

,r
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alnhal(a) for the kind attracted to the negati,ve side of the field,

beta ($) for the kind attracted to the positive side of the-field,

and gamma (y) for the kind not attracted to either side. :

PHOTOGRAPjIIC PLATE

/ .

Beam of
radiation

Lead block

Radium
source

(1) Experiment without
electric field.

PHOTOGRAPHIC PLATE

Alpha

Gammair
Beta

Lead block

RadiuM
source

Eledrically
charged plates

) Experimeht with
eledtric

Figure 2.3. Path of emanations from a radium source: (1) without

electric field; (2) with.electric_field.

c. Several conclusioris can be reached as a result of the experi-

Ment'illustrated in figure 2.3 beyond the basic one that three kinds

of radiation were coming from,the ;radioactive substance. This

experiment indicates-that:.
(1) alpha radiation; which was attracted

to the negative plate, has a positive electrical charge; (2) beta

radiation, which was attracted to the positive plate, has a negative

charge; and (3) gamma radiation, which was undeflected by the electric

field, has no charge (electrically neutral).

2.4. ORIGIN OF RADIATION IN THE NUCLEUS

n e
There has always been a bombardment of the earth by one type, of

radiationcosmic' radiation. Also; many of the machines of modern.
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8

25 N



.

science generate radiation hazards. These hazards, however, are
normally small and closely controlledin comparison to the militarY,
picture which introduces the serious matter of high doserates at thescene of a nuclear weapon explosion,

or the radioactiVe hazards of
-radiological agents.

a. Nuclear Energy. An understanding of nuclear radiation requires
some insight into the origin of radiation from the nucleus. Certain
nuclear structures ha, toa much energy and are4nstantly attemptingo reduce their ener content by releasing efier4. They do this by

re f the types of nuclear radiation -- alpha, beta',
or gamma. (Types o nuclear radiation are discussed"in para2.5),
Stated another way, these unstable nuclei seek tcl reacha more stable
state by releasing excess energy as nuclear radiation. This leads usto the following definition(for the purposes of this text) A.radio-active nuclide (radionuclide) is a nuclide whose atoms,haVe unstable
nuclei whIch.attbmpt to reach a more stable (less energetic) tale by

.releasin4excess energy in the form of nuclear radiation. When the
nuclear radiation thus et4ted is in the form of a charged particle,.
the disintegrating atom lecomes an atom of a different element. Forexample, when a radium atot,disintegratesvemitting radiation, it
becotes.an atom of radon'. The resulting atom may alio be unstable
and further disintegrate to an atom of still another element.. This
may continue through an entire,series ofielements (3T 3-15, Ch 3). T

-.2esu4 of this Process iss afamily of naturally occurring radioactiveelements. Careful research has developed the fact that four families
of natural radioactive` elements exist, deriving from uranium,

' thortum, aetinium, and neptunium. The firstthree decompose through
intertediat& steps to form differentiisotopes of lead. Thus, natural'
lead is'a mixture of the Viree.end products of radioactive family decay,
plus a fourth nuclide, 2°9710. The fourth radioactive' family, beginning
with the neWly.prepared element neptunium, has an'isotope of bismuth as'its end product. ,Neptunium is no' onger fdund in nature, and the dis-
dovery of this fourth radioactive family came as a result of man's workwith nuclear weapons. Neptunium is an intermediate product of the
atomic pile.

b. Nuclear Forces. To.understand radioactivity fuyther, a briefdiscvSsion of thenteraction of forces in-the nucleus is desirable.
As has been pointed out, it appearv.peciliar that the hucle s 4s held

. together at all; since like charges repel, the electrical ( odiomb)
forces between protons apparently should cause the nucleusjto fiy. apart.,
Howqver, the repulsive coulomb forces between protons are overcome-by

,--other forces within the nueleps,' These forces are Of very short rangel:
abting only between nucleons close to each other: The balance betweeh

. .

2 6-
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the attracting nuclear forces and repellinicoulonib forces is the important'

factor.in nuclear stability..., In stable atoms the attraction forces are

adequate .to overcome the
re'pe;ling-coulOab forces, and the nucleus 'stays to-

gether. `In unstable atoms ttis balance is a delicate one. The nucleds will

hold together only so long asthe attracting nuclear forces hold the upper

hand. If the repelling coulomb forces, should overcome these strong
attrac-

tion nuclear forces, parts of the nucleus may break off and escape. In other

cases rearrangements within the nucleus which lead to more stable configura-

tions may take place without the loss of particles. Nuclides-whose nuclei

undergo this process are said totbe unstable or radioactive.
. e

c. Gamma. Nudlei may release gamma radiation as a means of decreasing

their energy content.
Sinbe-gamma radiation consists of pure energy, its -

emission leaves the nucleus with lesp energy in the amount of energy of the

gamma ray. This emission of 'gamma radiation accompanies a rearrangement

of nuclear particles; it does notinvolvea change in the number or kind of

nucleonsin the nucleus.

d. Alpha. The configuration of the helium nucleus is extremely stable;,

therefore, it is reasonable that radioactive nuclei may eject this con-

figuration. The off-going alpha particle has, considerable kinetic energy;

that Is, energy due to motion. The energy of the nucleui which emits the /

alpha particle. is decreased by the amount of kinetip energy which it imparted

to the particle.

e. Beta. It is not so easy to visualize'how a beta particle can be

emitted from a nucleus. The statement that beta radiation comes from the

'nucleus but that there are no electrons in the nucleus appears to be a

contradiction. The. accepted explahaH.on for this result'is that itt is

possible for a neutron to split into 1 proton and an electron.1 If this

splitting occurs, the electron is then ejected from..the nucleus with great

speed;'that is, great kinetic energy, which reduces the energy level of the

-inucleus. This process is illustrated in figure 2.4.

IActually, there is,e. -third particle, the anti-heutrinoralgo involved.'
,

The anti -neutriho is a tiny particle much Smaller than the electron. The

neutron breaks down into a proton, eleciton, 91.51 anti-neutrino. The latter .e

two are ejected from the nucleus:--"No further, sideration will be given

to the ant±=neutrino in this tekt.

27
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Figure 2.4. Beta emission.

2.5. NATURE OF RADIATION

a. General: The -- natural decay of the radioactive families mentioned
above results in three types of nuclear, radiation: alpha (0,,)', beta (p),
and gamma (y). These three types of nuclear radiation are also called
ionizing radiatiOn becauseof their ability to ionize atoms and molecules

.\ of the matter through which they pass. (A detailed discussion of ioniza-`tion2 may be found in ST 3-155, Ch 4. Each of the 3 types of radiation'--alpha, beta, and panmaLwill be discussed below with regard primarily tothree properties: their charge, their mass, and'an overall descriptive
chargcteristic. .

b. Alpha. It has already been stated that alpha radiation has a
positive electrical charge; more specifically/ alpha radiation cons isof fast - moving stable particles with a charge of +2 on each partic e. .

Each particle,is composed of two neutrons and two protons ejected s a

2
For the purpose of this text, ionization is the removal of electron(s)

.

from a neutral atom, and ion pairs are the result of this process.

28
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sirgle entity from a disintegrating nucleus and has a mass of 4 atomic

mass units (amu). This ..pha.particle has the same composition as the

nucleus of the helium-4 (2Hp) atom. The helium-4 atom has two protons

and two neutrons in the nucleus and two electrons outside the nucleus

to balance the charge. If the electrons were stripped away, the resulting

nucleus would be identical with an alpha particle except that an alpha

particle is normally traveling at speeds approximately one-tenth the

speed of light. (Its speed is normally on the order of 2,000 to 20,000

miles per second.) In fact, as the alpha particle slows down in its

passage through matter, it annexes two electrons'and becomes a neutral .

helium-4 atom. The alpha particles are about 7,500 times as heavy as an

electron and 4 times as heavy as a hydrogen atom. This configuration of

two protons and two neUtrons is extremely stable as nuclear structures

go; this helps to explain why this structure should be emitted-from a

nucleus in preference to other combinations of nucleons.

(1) Alpha particles are characterized pis, their high ionizing

capability. A means of-comparing the ionizing ability of

different kinds of ionizing radiation is by-comparing their

energies -and the number of ion pairs produced per unit length

of travel as each passes through the same medium, (Ionization

and ion pairs are discussed in chapter 4.) For example, an

alpha particle with an energy of 1 Mev (million electron volts)3

will create about 10,000 ion pairs per centimeter of path as

it passes through air. A beta particle (the.radiation with

the next highest ionizing capability) with the same energy

traveling along the same path will create aboUt 33 ion "airs

per centimeter of travel. Thus, the ionizing ability of tie'

'alpha particle is about 300 times as great as that of the next

most highly ionizing type of radiation.

(2) Because of this high ionizing ability, thev,alpha,particle

dissipates its energy quickly in any medihM. For example,

the rangeof alpha, particles varies from a few thousandths of

a centimeter in solid materials such as photographic film up

to a few centimeters in gaseous materials.such as air. To ,

penetrate the protective layer of the skin, alpha particles

with energies of 7.5 Mev (million electron volts) or more would

.

3Energies of radiation are expressed in un.'ts of ,Plectron volts. The

electron volt is the energy (speed) a unit Charged particle acquires

when it falls through a potential of one vo).t; it is equivalent to

1.6021x 10-12 ergs (par. 1.7).
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be required. Because of this short range, the danger to the
body from external alpha emitters is in most cages negligible.
Alpha emitters, however, niay be extremely injurOus if they
gain admittance to the body. In this case, beqause of their
high ionizing abilitiy, thealpha particles w14 expend their
energy in a single group of cells and cause a very high degree
of localized tissue damage in the vicinity, of the. alpha Pmitter.
Under similar.eircumstances, alpha emitters are considered to
present an internal hazard 20 times as great as beta or gamma
emitters (table 2.1).

Table 2.1. Relative Ionizing Power

Radiation Relative-ionizing power

Alpha particle

Beta partiOe

Comma ray

10,000

100

1

c. Beta. 'Betas radiation consis4s of very high velocity electrons
which have been ejected from a disintegrating nuclets. ,These beta
particles are also ionizing radiation. The experiment on the separation
of radiation indica-ted that beta radiation had a negative electrical
charge. Beta radiation was shown to be a stream of electrons traveling,at speeds about nine-tenths the speed of light. (Its speed is normally' on the order of 100,000 to 180,000 miles per second.) This means that
the mass of the beta pArticre is 1/1845 atomic mass unit and that its-
'charge i' -1. The' negatively charged beta,particle will ionize matter
as it pastes through it, thus losing speed (energy) until it is undis-
tinguishable from a free elect on; in other words, it is'identical with
the electrons.that orbit about the nucleus of atoms except for its speedand origin. Note -that beta particles originate in the nucleus of theatom. ,

.

-(1) Because of its higher speed and smaller mass and charge ih
relation to an alpha particle, the,beta particle exerts less
force for a shorter period of time on the atoms of the material
through which it passes. Thus, its ionizing ability is less
and its range greater. (The range of al-Mev beta particle in
standard air, is about 10 feet.)

(2) ese factors normally make the'beta emitters a less serious
internal hazard than the alpha emitter. However, since the
beta particle can penetrate the skin and damage livingcells,
the beta emitter can create an external hazard.
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d. Gamma. Gamma radiation does not'consist of particles, it has

no electrical charge, and appropriate experiments have proven it to

have nomass. The reader may well question the nature and existence

of something that has neither charge nor mass. What is gamma radiation?

It is pure energy traveling through space at the speed of light. It

is one example of a general type of raaiation called electromagnetic

radiation. It is a form of electromagnetic radiation differing only

in frequency (energy) and source from more commonly known forms,such

as X-rays, infrared, visible light, ultraviolet, and radio waves. Gamma

radiation is generally 9f-higher frequency (energy) than the above types

and is generated by a stabilizing nucleus. The reader id familiar with

some other types of electromagnetic radiation; namely, radio waves,

light waves, and X-rays.' Consider radio waves. The human senses

cannot detect radio waves; we cannot see, hear, taste;' feel, or smell

them. The only way we can detect them and make them.audble is by

the use of an instrument for detecting radio waves; name3V, a radio.

Similar statements are true about gamma radiation; the human senses .

are not capable` of detecting it; we must have a special instrument for

detecting it, a type of instrument called a radiac instrument (aF110).

The reader may wonder why radio :eaves do not.hprt him, whereas gamma

rays will cause injury. The difference lies in the amount of energy

possessed by these two different kinds of electromagnetic radiation.

Gamma radiation possesses much more energy than radio waves and there-

fore is capable of damaging living organisms. A type of radiation .

much more akin to gamma radiation is X-radiation. As with other types

of electromagnetic radiation, it is not possible to detect X-rays by

use of the eenses. Also, we know from experience that these rays are

-very netrating, since they are used to photograph the inside of the

body (whereas light is capeb e ly of making a photograph of the

side of the body). X-rays have bout the same energy as,gamma ra

have., The distinction betwe hem is their origin. Gamma ray come

from within the nucleus; X-rays do' not. Gamma radiation travels in a

'_straight line and with the speed of light (186,000 miles per second).
%

.Many experimental results have been obtained using gamma radiation and'

are satisfactorily explained on, the basis that gamma, radiation is a

wave that transmits energy through space. Rowever, if certain other

experiments are performed, such as those involving the interaction

between gamma radiation and atoms, the results cannot be satisfactorily

explained by considering the radiation to be a wave. Rather, the

radiation behaves as though it consisted, of a stream of tiny packets-

of energy, each packet having zero mass but being able to produce 1

effects as though it were a particle. Each Of these little packets

of energy is called a photon of radiation. This dual wave-particle

nature of electromagnetic radiation is difficult to grasp and believe,,

but no other satisfactory explanation is available for the various

ssible interactions of electitmagnetic radiations with matter and

.1
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with electric and magnetic fields. Thus, gamma rays may be said to
act with this dual wave-particle nature and to produce results con-
sistent with the the6ry. The importance of the particulate nature of
gamma radiation (photon nature) will become clearer in the discussion.
of ionization by gamma radiation.

2.6. WRITING NUCLEAR REACTION EQUATIONS

a. General.- Just as the chemist has a shorthand way of writing
down what takes place in chemical reactions, the physicist has a
shorthand way of writing nuclear reactions in the form of equations.
This system makes use of the A and Z number notation explained in
chapter 1., The logical development. of the method of writing nuclear
reaction equations is illustrated below by a study of the three modes
of radioactive decay already discussed.

b. Alpha Emission.,

(1) To see what results from alpha emission,, consider the isotope
N

uranium-238 (292u) . This is.a naturally occurring nuclide
which is radioactive and an alpha emitter. Since two protons
and two neutrons are subtracted from the uranium nucleus,.a
new substance, an isotope of thorium, is formed. This is
illustrated ih figure 2.6i.

GIVES UP

00011.

'AND BECOMES

+
ALPHA PARTICLE

4
a
2

THORI144-234
2342h

0
19

Figure 2.6a. Alpha emission from,tranium-238.-
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Cr.

(2) The process illustrated in figure 2.6a can be indicated in

another way by using the A and Z number system. To do this

we must have an appropriate symbol for the alpha particle.

The symbol used is a or 2
4
H4. (Although 2He is properly

the symbol for the wnole helium-4 atom it is very often

used to represent the alpha particle,), Using this notation,

we may write the equation for the emission of an alpha

particle by-a uranium-238 atom as follows;

238n- +
23942A 0Th + Q (energy)

This equation says that an atom of uranium-239 'forms an alpha

particle and an atom of thorium-234. One additional symbol

which appears herd is theletter Q. This Q stands 4or

energy. An energyterm is involved in every nuclear re-

action. In this case) the energy given off is simply the

energy possessed by the alpha particle (plus a small amount

of energy for the recoil of the nucleus). Note that the sum

'of all the A numbers on the left side of the equation equals

the sum of all the A numbers on the right side.(238 7 4 + 234)

also) the sum of the Z numbers .on_the left,4,0, the game,as,t110,

sum of the. Z numbers on the right (92 = 2 + 90). The student

should think through the reason for this from what is taking

place in the actual physical reaction. This rule about,

equality of A, 'and Z number sums on both sides of an equation

will be shown to be valid in othernUclear reactions; in

fact, it is a general rule whlch-may be used as a mechanical

aid to balancing nuclear teac ions.

c.1 Beta EMission.

(1) The thorium isotope that was forted in the earlier example

on alpha radioactivity is a beta7temitter) causing thorium,-234

to change to the element protactinium. ,ThiS is illustrated

in figure 2.6b. The mass number "A does not change in beta

decay, but-the atdMic number Z increases by 1, because a

proton has been gained. This gain comes about when a neutron

breaks Akinanl .ejecting an electron and retaining the ,proton.

1
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THORIUM-234

234Th
90

GIVES UP, Alb BECOMES

BETA PARTICLE PROTACTINIUM-234

1111111.e
oe 234pa.

91 +ENERGY

Figure 2.6b. Beta emission from thorium-234.

(2) In order to write a nuclear equation for the process illustrated
by figure 2.6b, it is necessary to have a suitable Symbol fora beta particle. For brevity, a beta particle is often repre-

, sented-by,the symbols P",or e-; however, for equationswe
must assign A and Z numbers to the beta particle. Clearly,
the basic definitions of A and Z numbers are not appliCable.
Therefore, an extension of the basic system is used, and the
beta ;article iagiven more or less artificial A and Z
numbers, which represent the effect of a beta particle ona nuclear reaction. Because of its negative charge, the
beta particle. is given Z number -1; because its mass is
very small it is given an number of zero. Thus, beta may
be indicated by , or _le The emission of a beta
particle by a thorium-234 nucleus may be written as follows:

234Th +
23

Pa +90 ,-1 91 v.
Note-once again that the sum of the A n4Mbers on the left
equals the sum of the A numbers on the right (234 = 0 + 234)
and the sum of the Z numbers otthe left equals the Iv= of
the Z numbers on the right (90 =-1 + 91).

,

d. Gamma Emission.

"(1) Previously it was said that an unstable. configuration of
neutrons and protons in a nucleus is sometimes made more

25

34



stable by a rearrangement of the particles within the nucleus

without the emission of a particle. Such internal rearrange-

ments are accompanied by radioactivity in the form of pure

enerw. With different configurations of the nucleus the

comporitntaare bound with different energies, and upon

rearrangement energy is released in the' form of electromagnetic

waves called zamma rays. Each time one atom releases energy '

in this way it is said to have released a'photon of gamma

radiation. The photon is like a small "bundle of energy.

The significance of the photon concept is discussed more

fully in ST 3-155, Ch 4. It is important to note that no change .

in the A and,Z numbers accompanies gamma emission and the

only effect uponthe nucleus involved is to leave it with

less energy. An ekample of gamma emission is illustrated

in figure 2.6c.

LEAD-204'

204pb
8g =

-EXCITED"

GAMMA RAY
(Pure Energy)

0

o

AND BECOMES

LEAD-204

204
82
Pb +ENERGY.

"LESS EXCITED"

Figure 2.6c. Gamma emission from_lead-204.

(2) The symbol Tor gamma radiation in the A and Z number system

is 67 , representing the fact that it has no-mass and no

charge. The equation Corresponding to the reaction illustrated

in figure 2.6c is:
P

- 0
1-

204
Pb

82" 7 07 82
+.Q,'

e.II Summary. Table 2.2 summarizes the properties of nuclear

radiation.
365
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Table 2.2. Properties of Nuclear Radiation
I

Type of
radiation Symbol Charge

Mass
.(amu)

Character-
istic ,

.

Effect' of emission on
parent nucleus

Atomic no.
(Z)

, Mass no.
(A)

Alpha
particle

. -.

)1

2

or

4

2e

1

.

+2 It 2 protons
2 neutrons
(same as
nucleusof
He-4 atom)

Decreases
2

Decreases
4,

'

.

Beta
particlb

0
P_1P

or

o

-le

-1

\.

'

1.

1
IE45

High-speed
electron

Increases
1

No change

Gamma
ray

.

o

07

.

0

.

.

Form of
electro-
magnetic
energy
similar
to X-rays

.

No change No change

.

.

'Neutron *1

n
0

0
-

1
Neutral
particle No change Decreases

1

Positron

.

,

.,

, o
+l

or

o

+le.

. +1

.

1 High-speed
'

chaged
electron

Decreases
1

NO-change

.

1845

Two general rules which are always valid in balancing nuclear equations ire:

(1) The sum of the A numbers of
sum of the A'numbers of the
written: EAr = F.Ap.

(2) The sum of the Z numbers of
sum of the Z numbers of the
written: EZ1.= EZp.

The reactants must always equal the
products. Mathematically, this is, .

the, reactants must always equal the
products. Mathematically, this is
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2.7. ARTIFICIALLY INDUCED NUCLEAR REACTIONS

a. Thus far, the entire discussion of radioactivity and nuclear

processes has centered about natural radioactivity in the form of alpha,

beta, and gamma radiation. However, man has learned to produce nuclear

reactions artificially, thus creating new radioactive nuclides not found

in nature and producing other results that are of considerable importance.

Normally, artificial, reactions are induced by firing a nuclear particle at

a target containing the type of atoms in which the reaction in desired.

The nuclear particles used as projectiles are made to move at great

speed (with great energy) by the use of machines called particle

accelerators. .:Ihe discussion of hoi these machines operate is beyond

the scope of this text. The particles most commonly used 4s projectiles-

arethe following:

4 ,

Alpha particle (ea).

E.eta particle (27(3).

Proton (H) ; nucleus of the hydrogen-1 atom.

1!
Nautrdn(on).

Deuteron (H) .; nucleus of the hydrogen-2 (deuterium) atom.

b. A few typical examples are given below to indicate the general

nature of artificially induced nuclear'reactions.

(1) Alpha - neutron type:

49E6
+

4

2
He -7

12
)

1n + + -Q,

0 6

(2) Alphdrproton type:

7.11 +
4
He Q

8

(3)' Neutrongagg@,(radiative capttre) type:

1H +
1
n

2
H' +

o

1 o 1

It should .be understood that in each of the reactions shown above,'

the particle or ray emitted, such as a neutron,,proton, or gamma ray,

is emitted instantaneously when the reaction takes place.2For instance,

it the last example above, the equation does not mean that 1H is

radioactive and a gamma emitter; the gamma ray shown is-emitted at the

instant of the reaction. The' productp in this case is stable. In
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other cases, the product may be radfoactive. Thus, the product nuclei
may continue. emitting radiation over an extended period of time.

c. Artificially induced nuclear xeactioris.have created other typei
of radiation that'have not been previously nfentioned'in this text. .Two of these types, neutron and positrdn; are discussed briefly below:

(1) Neutron radiation consists of neutrons ejected:from an excited
or fissibning nucleus'. Since the neutrons are un,
charged, no electrostatic forces come into play with ei;thdr
the orbital electrons or the nuclei'. Thus, for neutrons to
affect matter they must enter the nucleus or come sufficiently
close to it for the nuclear.forces'to act. The reaction of
a neutron with a nucleus leaves the nucleus in an excited
state, due to the added kinetic energy contributed from the
neutron. , This excess energy is removed by emission of
particle radiation, i.e., ejection of an alpha' particle.
More will be said about neutron reactions in DF212.

(2) Positron radiation, consists of high-velocity, positiVely
charged particles that have been ejected from a disintegrating
nucleus. This type of-emission is normally associated with
the fusion process. Experiments have shown that the
positron is a fundamental particle (that is, it belongs in
the same class as the neutron, proton, and electron) having
the same mass as the electron (1/1845

atomic mass units) and
a charge equal in magnitude to the,electron but opposite in
sign (charge of The accepted explanation of its origin
is that it is possible for a proton to split into a neutron
and a positron.4 When this splitting occurs, the positron
is ejected from the nucleus with great speed; that
kinetic energy. This reduces the energy level of the
nucleus in the same manner as beta emission does. Through.-
out this text the word electron or beta will be used to
denbte the negative electron and the word "positron" or f!beta
plus" will be used for the positive electron:

2.8. ENERGY RELEASE

a. General. Before proceeding further in the discussion of radio-
let us first consider the energy (Q) associated with a nuclearreaction. The energy released by a conventional reaction results from

rearrangement of the atoms of the reactvtA; tor example, the hydrogen,'
carbon, oxygen/ and nitrogen in TNT. Suche, rearrangement of atoms
within a substance constitutes a chemical reaction..In a nuclear
reaction the energy isjproduced by a redistribution or.a.recombination,

4Actually, as in the case of beta emission, there is a third, particle,
the neutrino, also involved.
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of the protohs and neutrons of the atoms. Such a rddistribution of

nuclear particles constitutes a physical reaction. The forces between

the protons and neutrons within an atomic nucleus are tremendously

greater than the forces between atoms; consequently, nuclear energy

is of a very much higher magnitude than conventional energy when

equal masses are considered. Many nuclear processes are known, but

not all are accompanied by the release of energy. The basic require-

ment for energy release is that the total mass of the interacting

reactants be more than the.mass of the resultant products. There is

a definite equivalence between mass anti energy as discu.ssed in

paragraph 1.6.. If in a nuclear reaction there is an accompanying

release of energy, that energy is definitely related to the decrease

-irrmass. Mass change reflects the difference in the forces in various-

nuclei. The energy released in a nuclear'reaction is derived primarily

from the conversion of the binding energy that bound the nucleus

together,

b. Energy Calculations. Let us consider the'reaction of beryllium-9

being bombarded by an alpha parti6le and forming carbon -12 and a neutron

and releasing energy (Q). Writtep symbolically the reaction is:

'

.

Be +
2

4
He -4

1
n +

12

4 0 6c 4. Q

The total mass of the reactants is: .

g?.Be - 9.012186 amu

1He 4.002603 amu
13.014789 amu

The total mass of the product is:

In - 1.008 665 amu
0

12 - 12.00.0000 amu
6C 13.08665 ati

The mass difference is:

13.014789 amu
13.008665 amu
.0.006124 amu
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Nrom Einstein's equation (par. 1.6) it has been shown that theritergy
equivalent of one atomic mass unit is 93.48 Mev (million electron volts).
Therefore, the energy (Q) associated with, the above reaction is: i

0.006124 x 931.48 ledig = 5.704384 "Mev

and we, therefore, see,that 'n'this reaction 5.7044 Mev of energy isreleased.

2.9. FISSION AND FUSION

a. General. So far, our discussibn of induced radioactivity and
energy release has been associated with reactions of laboratory and
academic interest. For nucleatweapons, in addition to the necessity
fora net decrease in mass in a nuclear process, the release of nuclear
energy in amounts sufficient to cause an explosion requires that the
reaction should be able to reproduce itself once it has started. Two
artificially induced nuclear reactions that satisfy the oonditions for
the production of great amounts of enew in a very, short interval
of time are fission and fusion.

b. Fission.

(1), The fission
V

(a) The process of fi sion involves the splittin -'of very large
nuclei, such as tose of uranium-235 or plutonium-239, into
much smaller nucAl. -This splitting releases avast amount
of energy when judged by our ordinary standards of com-
parison, such as the burning of coal or gasoline; The
fission doe6 not take place spontaneously but must be .

initiated deliberately by directing a stream of neutrons
into a mass'of uranium or plutonium, which is- properly
arranged and is of the proper size. If an atom of
fissionable material captures a neutron, it may fission
into two smaller pieces,. The fission of just one-nucleus
releases only a tiny amount of energy- -too little to be
measured by any known means. However, as has already been
stated, even a very tiny piece of material contains a vast

. number of atoms. When the small energy telease Atom one
fission is multiplied by a great number of atoms ;the
energy release is enormous.

(b) There are several dozen different.reactions that can occur
in fissiOning; that'is, not everyfatom which fissions forms
the same produbt nuclei. A few examples of fission-re-
actions that are known to occur are as follows:
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'
235u

o
n

92
a.,

,..-- 2351; + In
92 o

9
-4 38r

. ...,,

-4 95Mo
42w

+

14xe.

139Sn
5o

(2-3)tn,

+ (2 -3 +

Q

Q"
,

A generalized equation can be written to represent the-fissiOn

process, making use of the syMbol.PFP" to"stand for any fission

product. This' equation is: . %,

e

. ,
.

235u +
1
n -) 'FP

1
+ (2-3)30-22 ÷

4
l Q

92 o 2
. ,

In this generalized fission reaction equation, there are two

or more neutrons released for every one that enters. The

release of additional neutrons in the fission reaction is .1

the reason that fission is a praCtical means Cf releasing -

energy,.either in a weapon or in a nuclear reactor. The ,

neutrons released in the fission reaction permit the

development of the chain reaction that occurs in a fission

weapon.

(2) Chain-reactioncriticality.

' (a) Because of the fact that at least two neutronsare released

every time a uranium atom is split,'it is possible to'make

a chain reaction occur. In other words, the two or more

neutrons released may be made to'fisSion two or more uranium

nucleil.causing each'of these nuclei to release two or more

-neutrons. These. neutrons may fission more nuclei, producing

-more neutrons, and so on untila great many nuclei hve

been split. 'Since only as small amount of energyis released

when one atom it fissioned, a great nAmber of atoms-must be

Tissioned in order to Obtain a large amount of.energy. This

is best attained by creating a chain reaction., A, fission

chain reaction, such as that described above, is known as

a multiplying chain reaction and it occurs ektremely rapidly.

A tremendous amount of energy is released in a very shoft time,

45ettan explosion results.* -

(b) In, order to create a chain reaction, certaln cOnditiobs must

.be satisfied. If one of the atoms in a piece of fissionable'

,
material (235u) is caused to fission by bombarding it With a

neutron, thetwq or more nOutrens released'by the fissioning

.could do one,of three things. They could,'

1. 'Strike other uranium'nuclk and cede them to fission:

2. PasS between the uranium atoms
andacompletely escape from

the piece of material wipout causing any further fissibn.

-(Remember that atoms are largely empty space.)
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trike,nuclei (uranium or impurities) and not cause fissions
in other words, be captured by tilt nuclei.

(c) Obviously, for a chain reaction to occur, at least one of the
neutrons produced per fission must strike a uranium nucleus" -

and cause another fission to occur. In order to make this
happen, we must minimize the,edcape and nohfission capture.

1. Nonfission Capture may be minimized by using very pure
fissionabl4 material because impurities tend to capture
the neutrons'and prevent fission.

2. ,Escape may be minimized by having sufficient fissionable
material available\pr by using a neutron reflector. To .

visualize this, imagine a small, spherical pieceof
fissionable material in which a fission Occurs. There are
relatively few nuclei aypilable within the fissionable
material that the.two deltrons produced by the fission hay
hit before they escape. Therefore, the probability of their
striking other fissionable' nuclei is very slight. If one
of the neutrons happens to strike a nucleus and thereby .

causes it to fission, the prdbability of one of the second
pair of neutrons striking a nucleus 'before escapillg is.very
slight. Therefore, the reaction will quickly' die down.. A
reaction of thil type,is called nonsustaining. °A piece of
fissionable material such as this is called asubcritical
mass_(fig. 2.9a), If more material is added around the
sphere, the neutrons have more nuclei which they may hit
before they escape and tag probability of their striking
nuclei is much greater.- If enough.fissionable.material id
'present so that at least one neutron from every fission
-strikes another nucleus and Causes it to fission, the
reaction will continue in -a* "steady manner and is called
a sustaining chain reaction (figure 2.9b). A.piece of'
fissionable material inlzhich a steady reaction occurs
'is called a .critical mass. "energy is released in a steady
'controllable manner, such as in a nuclear reactor used for
producing-power. If still more material is added to the
sphere, more than one neutron per fission may strike a'
nucleus to cause further fission. When this occurs, the
phain,reaction will increase very rapidly and is called
a multiplying chain reaction (figure 2.9c). In this, case,
we have what is known as a-supercritical mass.' The energy
is released very'oAckly and cannot be controlled.

(3) 'Fission-type'nuclear weapons.

4

,110^

(a) From the previous discussion, it is apparent that a
supercritital mass is necessary/ to cause a nuclear
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r

r

Escape

a-

Escape

Surface

I

Escape

'Figure 2.9a. Nonsustaining chain reaction in a subcritical mass.

detonation.- However, it is unsafe to assemble a super-
critical mass of fissionable material until the moment ,

the explosion is desired because there are always stray
neutrons that could start a chain reaction. T6 overcome

this difficulty, the fissionable material may be kept in
'two separate subcritical masses within the weapon. When,

desired, these two pieces can be brought together to form

a supercritical mass, which then detonates. Weapons ,

employing this principle are know as "gun-type" weapons.

because one subcritical mass is actually shot through a

gun tube into the other subcritical,mass-vhen the

explosion is.desired (figure 2.9d).

(b) There is another method of making's. subcritical Mass

become supercritical. If, instead of adding°more material"

to a subcritical mass, vo compie5s the subcritical mass

sd that the_oexiis are closer together,,we obtain much the

same effect. If.the atoms are closer together, thd

probability that a neutron will strike one and cause fission

is greatly increased because. there is less roam to get

between,the atoms. This principle is also employed:in

3
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Escape

Surface

INITIAL
FISSION

SECOND
FISSION

THIRD
FISSION

I

f I Fllf
FISSION

Escape

/1
I' /

/
I 4W/

FOURTH

FISSION

Escape
1

Figure 2.bs` SustaihIng chain reaction in a critical' mass.

nuclear weapons. A subcritical mass is surrounded by a
charge of'high,explosive. When the explosive is detonated,

. the pressure created,comptesses the fissiopable.material,
r making it supercritical and,,conseduently, making it

explode. Weapons employing this principle are known as .

niMplosion"weaponss(Tigure 2.9e) because the high explosive
is arranged sbthat it. implodes Or exerts the major portion
of- its'exPlosiVe force inward. '.

. .

(4)' Nudlear reactors. A peacetime application of nuclearfission
is the nuolear.ireeetat. A. sustaining chain reaction is made
to occur in a critical MYssof fissionabe material. Water
br some other'fluid is circulated Athin the reactor where it
is heated. by the'ehergy,releised. The stew produced can be
Used to run a to line,, which in tern -can run,an electrical
generator to supply useful poirr. The ArmY now has a nuclear
reactor--the Artily package power reactorthe Componerlts of
which, are air,trasportables' The reactor can 'be assembled

.

at an admanoed-base end will produce elebtriCal power for
.ap(prOximately 1.5 years'without refueling:. ..'

ti '35
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Figure 2.9c. Multiplying chain reactidb"in alstpercritical mass,,
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Figure 2.9d., Gun-type nuclear weapon.
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FigUre 2.9e. .Implosion-type nuclear weapon.

c.

(1) Although it seems peculiar, a prdcess that is the exact
opposite of fission is also capable of releasing great
quantities of energY. This process is only possible at
the lower end of the scale of elements and involves uniting
two small atoms into one larger atom. This process is
'called 'fusion. Specifically, an atom of one isotope of
hydrogen unites.with an atom of the same or a different
isotope of hydrogen to form an isotope of helium. In
addition to the generalized fusion reaction, normally written

.1 1
H + 2

H --)

. 2

3
He +

rID

1
n

there are several other. -poiSible
They are:

H + 2
H -4 H 4-

1 1 1 III + q

2

1
H +

1
-43H 121He + on + 0

-;

2
+ 1H

3
lit=

la He + 2 1n + (/

reactions which may occur.

'

Although neutrons may be produced in the reaction, they are
not necessary to initiate it, as in the case of fission;.

O
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therefore, chain reactions are of no concern here. The

conditions. necessary to initiate the reactions are tremendous

heat and pressure.

(2) It has been known for, about 20 years that this reaction was
theoretically possible and that, if it could be brought abou#l,
a weapon could be made with destructive power far beyond th
of the ordinary atomic or fission bomb. It was also known
that the only way to make the reaction occur was to subject
a mass of hydrogen to temperature's in .the order of hundreds
of thousands of degrees and to pressures in the order-of, tens
of thousands of pounds.per square inch. The on4 way known
to achieve such temperatures and pressures is by means of
a fission explosion. Therefore, in fusion-weaponq the fusion
reaction'is set off by the heat and pressure from:a fission
detonation. In other words, the hydrogen bomb is a two-
stage weapon; first f(ssion7occurs, then fusion.

(3) Each individual atom in a fission reaction releases more
energy than an individual atom in'sfusion reaction. How-

.

ever, & pound of hydrogen will release as much as four times
more energy than a pound of uranium because of the large
number Of atoms contained in a pound of hydrogen.

(4) -The fusion reaction has several other advantages. The fuel c

required is relatively chdap, and the supply is unlimited.
Also, the products of the fusion reaction are not'radioactive.
The radioactivity that results from the detonation of a fusion
weapon.,comes from the'fission products of the fission component

used to initiate the fusion reaction and also from neutron-

' induced activity. By reducing the size of the fission com-

ponent a much as possible; the resiatal radioactivity can be

reduced, thus producing "cleaner" bomb.

(5) Researchis now being co ducted to make a.fusion reaction
occur without a fission initiator so that the reaction can 4-

be harnessed to produce power.for peacetime purposes. A '

react* of this type 'wo d have several advantages over the-

fission reactors no in existence. The fuel would be cheap.

and plentiful, and the e,WOuld--be no radioaotivewaste,

products.
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DI3040, RithIOACTIVITY

I. Reference: ST 3-155, Chapter 2, paragraph 2.1-2.7, Chapter 3, paragraph
3.4-3.7.

II. Lesson'Objectives and Notes:

A. Basic concepts of radioactivity.

B. Concept of decay and half-life.

C. Mathematical method of solution di' single isotope decay problems.
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Examtles of Induced Reactions

1.
27

+ in -4 + Q
13 o 1.3

Oil$
o

-4
oe ,o7 8

1

9 1 12
C + Q2. 4Be + -4'

on
+ 6

2

3. iiNa 2He
20

F + Q

4. , .(14 + in -4.1 + 16C + Q
1

g355. + -4 FP
1

+ FP
2

+ 2-33(on) Q

III. Handouts: None.
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'IV. Problems.ft

A. Class Example Problems - Radioactive Decay.

SYMBOLS:

R
o Dose rate at the beginning of time period:under

consideration.

R = Dose irate at the end of time period under consideration.

t = The time of the dose rate reading R.

.The half-life"(time) of the radionuclide under consideration.t
1/2

Number of half-lives (n =
t

ti/2

R
o

EQUATION:
2

n

R

Safe siding feaiuresof 211 table. If the valuesare exactly the same
as those in the table, use them; ifthey are not exact, there 1,s no
interpolation. When solving for --

t enter the 2n table with the first value mathematically
above the411

o
/R

t1/2-

R

R
o

enter the 2
n
table with the first value mathematically

below the R
o
/R value.

enter.the'n table with the first value mathematically
below the t/t

1/2
value.

enter the n table with the first value mathematically
above the t/t

1/2
value.

1. A certain radioactive isotope which you are to use for calibrating
your instruments has a half-life of 4 years. When you received
a standard sample 5 years ago it gave a reading of 20 mrad/hr on
your meter at a distance pf 1 meter. What reading on Our instru-
ment should you find today at the same distance ?0

t. I =
112

R
o

=

R =

5 3
t =
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2. Magnesium-27 decays by bêts and gamma emission to form stable

aluminum-27. The half-life of this process. is 10 minutes.

If ,a gamma dose rate of 40 rad/gr is obtained, from a sample

of pure
27Mg, how long after the initial reading would it be

before the dose rate has dropped to 6 raa/hr?

R
o

=

t1/2 =

t =

An isotope whose half4ife is unlaidwnW°as delivered £.the

U.S. Army Ordnance Center and Satobl. The dose rate reading

taken upon the arrival of the isotope was 30 rad/hr. A seeond

reading was taken 6 hours later and was Found to be la rad/hr.

What is the half -life of the isotope?

R
o

R

t
1/2

.

t =

B.- Home Study Problems - Radioactive Decay and Half-life.

1. When you receive a sample of a single radioactive nucliae which

is known to decay into a stable nuclide yon find the dOse rate :

is 60 mrad/hr at a distance of 1 rneter,froic the sample. ...Chi's

nuclide is knoWil to have a half-life of 3 days. When will the

dose rate be reduced_to 20 mrad/hr at the same distance?
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2. A-series of dosCrate'readings on the decay.of a single nuclide
sample which is known to decay into a stable nuclide are recorded

..;a4 follows:

I
Time Dose Rate OnElAILE1--

-/c

.0 hour 'i 610

t 6 hours 100

What is the half-life og this nuclide?

.

--ilk

)1
1_ 1_

.

.....,

.

4

3.
Given a single radioactive nuclide which gives a dose rate of '
2,800 mrad /hr. The of this nuclide is. reported in the
manuals as 3.8 days. When will the dose rate fall to 500 mrad/hr?

4. Given a single radioactive isotope which gives a dose rate of
P 540 mrad/hr. The half-life of this isotope is reported in the

manuals as 4.8 days. What will be the reading after 36 days
have elapsed? f ,

,co
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A certain radioactive
the dose rate reading
was 120 mrad/hr, what
arrived?

isotope has a half -life of 64 minutes. If

of the isotope 5 1/2 hours after its arrival
was the dose rate of the isotope when it

6» . A series of dope rate readings taken on the decay of a single

,
nuclide are recorded as follows after you receive it:

Time , Dose Rate (mradihr)

2 HoUrs 150

3 Hours 130

a., What is the half-life of this nuclide?
. ,

c

b, That was the dose rate when you received this sample?

: -

c. When will the dose rate be re

56
50

to 25 mrad/hr?

'VA
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7. For use in calibra ting your radiac instruments you have beerr'given
/60

.a sample of cobaltt Co). This nuclide decays by a process,of beta27
6oand gamma. emissions into stable nldkel (28Ni). The half-life of

'this material is known to lie.5.3 years: When your sample was prepared
3 years ago, it was found to give a dose rate of 320.rnrad/hr at adistance of 130 cm. r ' ,

a. What 'should be the dose,rate at the same distance today?

b. When can you expect the dose rate to be 100 mrad/hr at a distance
01'130 cm?

81. Cesium (
1

55

37
ics) is radioactive and gives up a beta particle and gamMa

radiation to become a stable nuclide of barium (13756 Ba) The half-
4.life of this cesium nuclide is 3Q years, Assume when you received asample Of this cesium nuclide 13. years ago it gave a dose rate of

120 rad/hr.' What should the dose rate be today?

. r

*,1

C \

A

ti



9. After an uhderwater burst in salt water some of: the stable sodium
24

*(1123 Na) is converted into a radioactive nuclide of aodiup (iiNa).

This radioactive sodium decays by'beta and gamma. emissions into

'24
,

stable magnesium ( mg). An initial reading taken on a saMple IA I.

12
of the radioactive' sodium gave a dose,rate of 240 rid/hr. A second'

reading taken 6 hours latergave a doll-role of 180 rad/hr.

a. What is the half-life of the sodium sample?

b. When will the dose rite be 150 rad/hr?

,(NOTE:. All dose rate readings calculated at a. distance of

one meter from the sample.)

,

,
.

5$,
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V. 'Solution to Problems.

A. Solution to Class Problems.

Problem 1

a. Given: R = 20,mrad/hr

to = 4 years

t = 5. years

R = ,?

Be Using the two equations

2
n

=
R

n to,

Stnde both t and t
1/2 are known, solve

t

t
1/2

t . 5n = 1.25
1/2

c. Enter the 2n table found in Appendix II. In the n column
look for a valUe of 1.2.

The corresponding value for 211.is 2.300.

R
. d.. Solve the 2n equation.R

2.300 =
20

.

.R = 20

4B = tra:ad/hr

5

4%r



Problem 2.

4

,a. Given: R
o

= 40,rad/hr ,

R = .6 tad/hr

ta,/ = 10 minutes

= ,?
R

b. Solve 2n
o

first.

/40
= = 6.67

1.

1

c. Enter 2
n

table, safe side by selecting the larger value

find n = 2.8.

d. Solve n =
tl/

2

Problem 3.

t'

2.8 -
.10 minutes

= 28 minutes

a. Given: R
o

= 39 rad/hr.

= 18 radihr

"'t = 6 hours

t = 9
1/2 6

ar
n .

R
o

-Solve 2 =
R

2
n ig = 1,67

c

41*

ti
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c. Enter 2n table, safe side by selecting

n .= 0.7

d. Solve n
t
1/2

0.7 = 6

t
1/2

t
1/2

6 -

0.7 = 8.57 hours

B. Solution tolRome Study Problems.

Problem 1.

a. Given:

.r.

R
o

= 60 mrad/hr

R = 20 mrad/hr

= s3 days

I
t = ?

b.' Using the two equations

Ro . 0 le...

n ' t
r';

n = ---,
-,. t

1/2

since both R and R
o are known, Solve

2n
R first.

R
-2
n

Tr 7 0 .:"
e. Enter the 2

n
Table found in Appendix 'II.

look for a value of 3. This values lies
and 2n = 3.030. In order to determine.
look at,the guide for. safe siding at the
Since the unknown is "t," the larger val
selected. The value for n corresponding

55

'61.

Ae

110

the 2n columncolumn
b tween 2- = 2.830
hich value to uhe.
In of the chart.

o'

e of 2n should be
to 2n = 3.03 is n = 1.6.



d. Solve the n = equation.
t
.172

1.6 =
5

t 3(1.6)

t = 4.8 days

Problem 2. .

a. Given: R
o

= 610 mradihr

R = 100 mrad/hr

t 6 hours.

t
1/2

= ?
.

R

b. Rolve 2
n

=
o

first.

2
n

=
610

= 6.1

e

c. Enter 2n table,- safe side by selecting the smaller valpe

find n = 2.6

d. Solve n =
t
t

V2 \

2.6
6

ti/2

6

2 7.2'4141141
t OUTS

62
56
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Problem 3.

a. Given: P
o

= 2800 mrad/hr

500 mrad/hr

t
1/2 3.8 days"

t = ? ;

n R
o 2800b. Solve 2 = =

500'

2 5.6

'c. Enter 2
n
table, safe side by selecting n =

d. Solve n t

t1 /2

"2.5 =
t

t = 2.5 (3.8) = 9.5 days

Problem 4.

a. Given: Fr =. 540 mrad/hr

R =

b. Solve n

n

t = 36 days

t1/2 = 4.8 days'

t ror n.
:c,72

36'

7'5 S.

c. Enterltable and find 211, 7 181.

=

613

57

4.
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a

d. Solve 2n

Problem 5

R

, 0

540j
2n

171;

a. Given: R
o

=

R = 120 mrad/hr

=, 5 1/2 hours (33.0 minutes)

t
1/2

64 minutes

t
t
1/2

330
= 5.16

e. Enter 2n table. Find, 2' = 36.7.

R

,d. Solve 2
n

o
= 2

nR = 36.7(120)

R
o

4400 miad/hr

or 4.4 rad /hr

Problem 6a.

a. Given: R
o

= 150 mrad./hr . '

R = 130 mrad/hr

t = 1 hour

t1/2

64
58

rs P



z.

R
Solve 2n =

R°
150
130

2n = 1.15

c. Enter 2n table. Find n = 0,2.

d. Solve n =
t

1/2

t
ti/2 = n 'ZT
tv2 = 5 hours

Problem 6h..

a. Given: Ro,
e

R = 150 mrad/hr

t. , = 2' fiolu-s

t
1/2

= 5 hours (from part's.)

aa

a

e

nfi

'

t
3

2b. Solve n. = = 7:t i 51/ 2'

n- = 0.4

c. Enter 2n table. Find 2n I=
-.ii. .z.

R-
o -,

221 .. .. - ,,... . ; %

'd..t Solve =

4,

0

= 2n(R)

o

.

1.32 (150) 198 mrad hr,

4

a

0



. .

,

1:1

Problem 6c.

a. Given: Ro = 198 mraci/h

R = 25 mrad/hr

t =

b. Solve 2n

2n

t112 7 5 hours

o 128
R 25

= 7.92

c. Enter 2n table. Find n = 3.

d.. Solve n =
t

t1/2 .

t = ntob = 3(5)

15 hours

i t

Problem 7a.

Given: 'R --t 321) mridga.
.o4

R =

t

.

4.
3 yeaPs

b. Solve
*,

= 5.3 years

t

1112 r3-

n = 0:566
e,

n 4-- _.n

c. Enter 2-table. Find 2

60

.



d. Solve R = 0
2
n

R
3T.747.5-20

= 226 mrad/hr

Problem .7b.

a. Given: R
o 320 mrad/hr

100 mrad/hr

t = ?

t
1/

-2 ; 5.3 years

R
o 320b. Solve 2

n
=

100

2
n

= 3.2

c. Enter 2n table.,, Find n = 1.7.

d. So lire -n

Problem 8.

,

a. Given: R0 = 120 rad/hi.:

t

t1/2

n = nt112 = 1.7(5.3Y1/2

t = 9.01 years

R. = ?

= 13 years

t1/2 30 years.

b. tSolve n =

n =
,30 0.434

61

67

t

1

.r)
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c. Eater e table., Find 2n =- 1.

d. .Softre =

t .

R

2

120
32- = 90.9 rad/hr

1 .

Problem 9a.

a. Given: R
0,

= 240 rad/hr

rad/hr

t = , 6. hours

t
,1/2*,

R
: ,

b. Solve 2n 'R
d

2n
240

"c, -Inter 2n table. Find n =

d. Solve n =
ti.

/2

t 6 hours
.t
1/2 n 6.17

t1/2 = 15 hours

Proble 9b

R
o

240 rad/hr )1,

, "r
R rad/hr's..

t = ?

. = 15 hours

6.8
'62

7
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s

.

Rb. *ive 2n = ,°

2n 1,6 ,

240
150

c. Enter 2n table, Find n = 0.7. .
. .

d. Solve xi

0:7

t = 0.7 (15) ='10:5 hogs

J

.

a

-

,

*

.6'9

63
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DF020, RADIATION UNITS .

Disbussion anti geferences.

NOTE: The definitions andconcept,g given below are taken from the
recommendations adopted by the National Bureau of Standards
as oT 1959. Reference: "Report of the International Commission
on.Radiological Units and'Measurements (ICRU), 1959," Handbook 78,
U. S. Department of Cammerce, National Bureau of Standards.

A. Exposure Dose.

.4

1.. Exposure dose of X or Ilamma radiation at a certain place is a
measure of the 'radiation that is based upon its ability to
.produce ionization.

2. The unit of exposure dose of X or gamma radiation is the ROENTGEN
(r). One roentgenis an exposure of X or gamma radiition such
that associated corpuscular emission per 0.001293 gram of air
produces, ,an air, ions carrying 1 electrostatic unit of electricity
of either sign.

lr 0=

cm3

1 esu
of air at standard temperature and Kessdre.

3. A subsidiary unit is: . 1 milliroentgen (mr) =
1000.

r.

4. The rpentgea is also equivalent to the following:

a. ;f7 (approx), er,:s of energy absorbed per gram of air.

b. 98 (amorox average) ergs of energy absorbed per gram of
soft tigsue.,

B. ' Absorbed Dose.

.1., Absorbed dosp'of any ionizing radiation is the energy imparted
to mattel: by ionizing particles per uni, mass of irradiated
material at the place of interest. !

2. The unit of absorbed dose is the RAD. One rad is the absorption
of 100 ergs df energy per gram of absorber. (100 ergs/on)

,
3. The rad is a measure of absorbed-dose from any kjnd of radiation

in any medium in terms of fundamental energy unitb -

1
- ,

a. The rad puts
.

all energy absorption 6n the same level.
4

L. The enerpy absorbed by matter due toX-or gamma shows'ap
primarily as the Plectrons ejected-from atoms'by incident
radiation upon a piece of matter, and these :flectront cat* .

essentially all of the ionizaqop6 noted in eneriv.absOrption.
.

,

, . _
.

65.

7- 1.

4,



1

* .

11.

Roentgen considers only X and gamma' while the rad considers

all 'tyPes of radiation.

'4. tt -should-be observed that the values_or so-called :roentgen

eq4iy_glency" given, in 'para Alm and b above are actually statements-

of the absorbed dose in two media resulting/ from an exposurg dose

!of,one roentgen.
.

-
,, .-

.

Absorbed Dose Ratio 4 .-

Exposure DOse -nergy absorbed . rad '

Medium (ionization in air in medium) '
.r

-._____.

Air , , lr ..0.8'7 rad e . " '' 0.87

Soft tissue lr 0.98 rad! . ,. 0.98
.

.

4

The ratio of rad eits'orbed per roentgen of exposure has been 'giyen

the symbol f (no special name). That is, f
rad,.

From

knowledge of "f" and exposure .dose ifiroentgen, 'tEe absorbect.dose

can be calculated. Some values of :'fa` for partidular tissues are

presented in Handbook 78. Howeyer, at, -the present time, this in

- formation is notdirectly applicable .to military problems because

'it deals only with specific tissues.
.

The disinction 'between s.exposuree,,dczse" and ,"absorbed dose" ,should

be made clear.
'

ExposuredoSe is that radiation which is available to be .

absorbed. -
,

b.. Absorbed dose' is that radiation which is actually absorbed

in the body. .

.

6i Another unit. of absorbed dose i& the REP (roentgen equivalent

_physical),. It mat be aefIned in either of two ways:

a. One rep is that quantity/ of any .ioni zing radiation which

results' in the absorption .of the same amount of energy in

,
soft tissue as. that r esulting, from exposure to one roentgen

:of X or gamma radiation. , .

.,,

,

.

-4 1., .

b. 0Qne'rep. is that quantity of any ionizing- radiation whidilresults

', in ,the, absorption of 93 ergs/gram of soft tissue. - ---:--

7. The rep Was the first' unit of absorbed dose defined. Because it

is not precise and is limited to, one kind of abebrbing- material,

it is being supplanted by the rad. However, Temainstin a good

many specificationg of permissible doses. ,Also, Other values tip:b

93. ergs/gram may be found in older definitionsof the rep.

.,. vise,

66, 72
a.
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0 ,
Another unit of absorbed doge is the REM (roentgen equiIalent
man). one rem is an absgrbed,dose of any ionizing radiation,whieh
will produce the same biological-effect in man.as the absorbeg,,,'
dose -from exposur to oneroentgen)Of Xor"gamma.iadiation.

9. The rem is a rather loosely defi d term but it has the-important'
merit that it places all kinds o radiation on'an equal level.
'That 1 rer; of gamma . 1 rem of alpha equals 2 rem ,of ab
.sorbed radiation.

10.', A rad of one kind of radiatiOn does'not necessarily produce the
sine biological effect as a rad Of'another kind. The difference
in biological effecti4eness Is givenin terms of the RBE (relative.

Abiologidal'effectiveness).

"The statement that 'the RBE'of a radiation_ relative to T
radiation is 16' signifies that m rad of a radiation produces
a particular biological'response in the 'same degree as' 10 m
rad of -y radiation."-

In other words,

rem = rad x-RBE.

11. Some commOnly accepted val'u'es of RBE are given,below.

Type of Radiation RBE
*kw ,

X dr T rays 1
Beta particles, -1
Fast, neutrons 10
Slow (thermal) neutrons
Alpha particles .= 10-20

12: Example of addng doses in tem.
Absorbed Dose

Type of Radiation
, rad.

Gamma
Thermal neutrons
Fast neutrons

G

rr

_Absorbed DOise
RBE rem.

' Q.4 1
0.5 x , 5 =

. 0.2 x . 10

..

Total absorbd'dose
'

67

0
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C. Dose Rate.
s .

* .

1, . Egosure dose rate Is the exposure dose per unit time,

. The unit of exposure dote rate is the roentgen per unit time

3. The most commonly used units of exposUre dose rate are:%,

5

roentgens per hour (r /hr)

'milliroentgens per hour (mr/hr)

Absorbed dose rate is the absorbed dose per unit timed
. _

-The;unit of absorbed dose rate is the rad per unit time.

6. The1nost

rad perk hour (rad/hr)t

1

r

commonlyused units of absorbed dime rate are:

fmtilirad' per hour (mria/hr)r ,

PDose :and ose rate -.are related (if R:is

by the'equation: , . .

where

D RT,

D = dose

"R dote sate

T = time

G
t.

constant over the time T)

.

i

Dr. ACtivityk,
A

i

s

. , .

1. All Activity units are means of ex ressing"t4e

'of a radioactive source. - .-
. .,

2. The unit of quantity of radioactiVe material,

to its radioactivity, it the Curie (a). One

of radioactive isotope in which the numberan

. 'second is 3.700 xTs1.0-1-°. ....

3 Related-units are: ,.'"

,

1 microcurie ='-.1 ILCJ.
. 1

7 .1,000,000
.

.
1 miliicurip.,= 1

3.
!Mci:= .176.t-

la,

1 megacurie = .1.Mdl.' =. 1)000,000 c,.!..Les

r'e'
tliNis

i :

radiation output

41

evaluated according
curie is, a quant4y,
disintegrations per

/

curie
-

--"--10 Au

10 3 clArie

74.

A

= 10 '6,:cvries:
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. "Another 'Unit of activity is the rutherforeOld). One ruther-

, ford is-a_quantity of radioactive isotope in which the number
of 4isintegritions per second is 106.

5. A, unit -of source strength which is convenient fon many purposes
is the RNO PER.HOUR AT ONE METER (rhm). One rhm-is the strength,
oi4s. radioactive source Which producesLmiendosure_dOse rate of
1 rad per hour at a distance of one meterl__

6. A subsidiary unit is:

1 miilirhm (mrhm) .-1 mrad/hr_at 1 meter

1

1,000.
rhm

-

7. Knowing the source strength in rhm, it is- possible to calculate
the exposure dose rate: at_any distance from'the source_by- means
of the following equation: -

....-- _. ,.

d '

, where--R -dose rate at distance d in rad/hr (or Mradhr)
..-

S source strength, in rhm (or mrhm)':'

d = _distance-from source in meters. '

E. Summary.
.

1. One roentgen is equal to one electrosta tic unit of charge per
cubic Centimeter of air at standard conditidna.

2 One rad is equal to 100 ergs of energy absorbed per gram of
,absorber.

9 ,

One rem is equal to the biological' damage die by the absorption
of one roentgen of X,or gamma radiation.

4. RBE is a comparison between the effect of any type of radiation
and the damage done'by one roentgen of X or gammarradiation.

5. Ono.; curie is equal to 327x 10
10

disintegrations per second.

6. Rhm is a rad per.hour at a distance of 1

F. Additional References of Interest: .National Bureau of Standards
Handbook 78, B)+, 86; 87; .88. ,

69n
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II. Lesson Objectives and Notes:

A. Definition of dose unAe and their interrelationship.

Bo Activity units and their physical meaning.

C. Units of source strength and methods of determining dose rate at
various distances frOm the source.

,

76
70
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III. Handout.

RADIATION UNITS s

Activity
, .

Dutpuf of a Radioactive Source

Dose
.,

.

Aount of Radiation Received

CURIE - Unit of quantity of
radioactive material
evaluated according to
its radioactivity.

-

1 Curie = 3.7 x 10
10

disintegrations -

per second .

1 Microcurie = 1 1.1.Cii

1p.Ci' = 10
-6

ci

.

1 Millicurie = 1 mCi
*

-3
1 mCi = 10' Ci

.

.

. '/,"

EXPOSURE ABSORBED
.

'MEASUREMENT OF
IONIZATION IN AIR -
UNIT ROENTGEN (r). .

lr '= 1 electro-
static unit
of charge per

.

lcc of dry air
at STP

-- .
X'esu.

.

ENERGY ABSORBED .

PER UNIT MASS . . .

Unit Rad (no
abbreviation).

.

'1 rad = the '

' absorption o4
100 ergs of
energy per gram
of'absorbing
Material -
/

100 ergs
cc air at STP

di

i\-

.

: t

.

1 rad _
gram of

.

.

absorber

Biological Damage -
;Unit rem (roentgen
equivalent mat or

mammal).

/

I rem, = damage
...1done by, '

expo§ure to
1 r of X or
y radiation.

.

UNIT OF SOURCE STRENGTH .

(Neither Dose or'Activity)
,/

rhm = 1 rad per hour at a distance of one meter from the source.

R = R = dose rate in rad/hr or mrad/hr

d2
source strength in rhm or mrhm

d = distance in meters.

77
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IV. .Problems - Radiation Units.

1.

.
O

p

The ionizktion chamber in an instrument has a volume of 30 cm 3 filled
with air at standard temperature and pressure. In a laboratory
measurement the number of ionizations which occurred in this
volume during a certain period.was.fOund to be equivalent to
4 esu of charge. 4.1hatwas the exposure dose at the position

;of the ion chamber?

r.

2. In a laboratory a eriment iilwas found that a sample'of human,.
t,,isVe absorbed ergs of energy from a beam ofX-rays. The
miss of the tissue was 8 grams. What was the absorbed dose in
rad? 6

I

,
7$ .
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3. In the example in problet2 the absorbed dose in'tissue was due

to 50%zamma radiation and 50% fast' neutrons. VW is the aid;

sorbed dose in rem in this tissue?

4: In a controlled expetiment, one group of animals is,expos d to

50 rad of fast neutrons, another group'of animals is exposed

150 rad of slow neutrons -and a third ,group of animals is exposed

to.400 roentgens of gamma radiation. If the end result is the'

same in each group of animals, what is --

a. "the RBE for the fast neutronb?i,

the RBE for the slow neutrons? P.

In the example in problem 4, iT one animal received all the radia-

tion, fast neutrons, slow neutrons and gamma, what would'be his

total dose in rem? (Use KBEs found in problem 4)

79
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6. In ap experiment on.laboratory animals, it Was founcitIlat cataracts
were produced, by abdorptioh of 30 .rad of fast neutron radiation. ,How-
ever, 300 rad'were necessary to prodUce the.same effect with gamma
radiation. Assuming onerad of gamma is equal to one roentgen of
gamma, what "is the RBE of fast neutrons for pi4oducing cataracts?

tl

7. A worker in a nuclear reactor installation is subject_to the followingdoges in rad: 0.001 rad of gamma radiation, 0.0002 rad of thermal
neutrons, 0.0601 rad of fast neutrons.

6 a

a. What total dose (in dram) did the worker absorb?

b. If thiS dose was received in 2 hours, what was the average dose.
rate?

A

5;

C. W41 this worker ,exceed the permissible weekly whole body dose
of 3 mrem if he-works a 40-hour week?' What do;e will he
recdi e in a week?

t
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8: A sample of radioactive material is known to undergo 4.6 x 109

disintegrations per second. How many curies is it?

-

9. The number of disintegrations per second in a sample of Gallium-73 is

known to be x 10
4

at a certain time. How many curies of 73Ga are

in the sample? What is this quantityin microcuries?

10. A 2mCi
137

Cs point source gives an exposure dose rate of 6 rad/hr at

a distance of 1,cm. What is the source strength of the source stated

in rhm? in mrhm?

81
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...

.If'a 250 .Trtim source gave a dose rate reading of 5 mrad/hr,at
'what distance from' the source was the reading taken?

.3/4°

12. A
137

Cs point sgArce has a source strength of 100 mrhm.

r

a. What is the exposure dose rate at a-aistanceof 3 meters
from it?

.

o

b. At what distance would the dose.re be 20 mrad /hr?

trio

82
79 ,

.,
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V. Solutions - Rodiatkons

1.- 1 esu/cm3 = .1 r.

4 esu/30 = 0.133 r

2. 100 ergs/1 gm = 1 rad

480 ergs 1 rad o.6 rad8-rim
100 ergs/gm

.73
3.- rem = rad x RBE

rem for gamma = 0.3 rad x 1 = 0:3 rem

rem for -fast' neutrons '0.3 rad x 10" = 3 rem
-a f

P. '

l

Total rem = 3.3 ,
.,

4. ' 400 r of .gamma = 00 rem

rem -.S ' r .

RBE = , 4

rad

400
a. RBE for fast

rem
neutrons - 8

50 rad

.,.

400 rem
b-.,,, RBE for slow neutrons = - 2.667150 rad

5,,,-, Totairelpse =.. 4-oo rem + 400 rem, ,+ 400 rem = 1200 rem

6. RBE = rem
rad

RBE
300 rem

.=
30 rad

= 10
r

, 7. a. 1 brad gamma x RBE (1) 1 mi4em

.

. mrad thermal neutrons x RBE (5)

1

mrad fast neut ns . RBE (10)

L

Total' to Dos 3 inrpm °

1 mrein

1 mrem

8 0

0 ,

1

,4,



7. b. D R x
...

D

3 mrem
2ours

R. = 1.5-mrem/kir

r.

c.,

D .= R x ,T

_

D = -1. 5 mrem/hr x 140 hrs

D = 60 mrem

.

4

8. 1 curie = 3.7 x 1010 dis/sec

4.6 x 109 dis/sec

3.7 x 1010 dis/sec/curie

.,9r 1 curie 3.7 x 10
10

dis/sec

6.6 x 104 dis/sec

3.7. x 1010 dis /sec /curie

10. R =
d

S = .Rd2,

S = 6 re.d/hr'' x (0.01 m)2

S = 6 1::a.d/hr x 0.0001.m2

S = 0.11)006. rhm

m
hm
rh'= p.0006 x loyo m,

r

S = 0.6 mem

5,

IE

8
81

r-
_ X5.124 curie s

1.78 x 10-6 Ci or 1.78 Ad

'
1

1

:,
1,

1'1'

A



11. R =
S

d2

d
2

R

d
2 250.mrhm

5 nirad /hr.

d
2

50 m,

d = 7.07 m

/
12. a.

I

=

R. -
100 mrhm

4 (3M)2

=
100 mrhm

9m
2

,

R = 11,11 mradl*

46

S

d
2

d2
S

R

2 100 mrhm
d'

26Zg.d7hr

d
2

5 m
2

2.24 meters...

.

4
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VI. Additional Information - Extraction from Radiation Quantities and Units, ."
International Commission on Radiological Units
and Measurements (ICRU), Report 10a; HandbOok 84,
United States Department of Commerce, National
Bureau of Standards.

RADIATION UNITS 1

t V an this report the ICRU recommends with considerable reluctance and
some misgivings, the use of the symbol R instead of r for roentgen.
Several recognized international groups working in the field of symbols
and nomenclature including the International Council of Scientific

,

Unions have agreed upon the convention that the first letter of abbre-
viations of units named after' ndividuals should be capitalized.- At
least one country has already officially adopted the symbol R for roent-
gen. There are an indications that, however unnecessary, this trend
will continue and hence the Commission has acceded to the pressure for
change. As far as medical radiology is concerned, this change will re-
sult more in annoyance than confusion.

The ICRU recommends that the use of.each special unit be restricted to
one quantLty as follows:

The rad i solely for absorbed dose
The roentgen - solely for exposure
The curie - activity.

.1

t

It recommends further that those wild prefer to express quantities such
as absorbed dose andkerma (see below) in.the same units should use
units of an internationally agreed coherent system.

Several new names are,p osed in the present report. When the absorbed
'dose concept was adopte in 153, the Commission recognized the need' for
a term to distinguish i from the quantity of which the 'roentgen is the 1
-unit. In 1956 the Commission'propozed the term "exposure".forthis-latter
quantity. To.meet, objections by the. ICRP, a compromise term, "exposure
dose" was'agreed,upono While this, tern has come'into tome use since-then,
it has never been consideied as completely satisfactory. In'the meptime,
the basic cause oflthe ICRP objection ha E largely disaplAared since most
legal codes use either the units rad Or Kern.

+. , Since in this.report the,whole'syslem of radiological uantities and units
hasrbome under critical review, it seemed appropriate ,o reconsider the

decision. Num4ous names were examined as a replacement for exposure
dose, but ther were serious objections to any which irt9luded the word

1

"ddse.." Ther app ared to belannihirnurn of objectidl t6 the Line exposure-
. and hence this term a"1 n adopled by the Commission he hope that. 6 4

que4tion haS bee ptr nently settled. It, involves a inimum charge
. °

8 6 4

e
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from the_older name exposure dose. Furthermore, the elimination of

the term dose" accomplishes the long,felt desire of the Commission `

to retain dose forgone quantity only - the absoXbed dose.

The term "CBE dose" has in past publications of the Commission not

been included:An the list of definitions but was merely presented as

a "recognized symbol." In its 1959 report, the Commission also ex-

pressed misgivings ove1r the utilization of the sadie term, "RBE," in

both radiobiology and radiation protection. It now recommends that

the term "RBE" be used in radiobiology only and that anothel- name be

used for the linear-energy-transfer-dependent factor by which absorbed'

doses are to be multiplied to obtain for purposes of radiation prorbec-

ti.on a quantity that expresses on a common scale for all ionizing'radia-

tions the irradiation incurred by exposed inrsons. The name recommended

for this factor is the quality factor (QF): Provisions for. other fac-

tors are also made. Thus a distribution factor (DF) may be used to

express the modification of biological effect due to non-uniform distri-

bution of internally deposited isotopes. The product of absorbed dose

and modifying factors is termed the "dose equivalent (IXE)." As a result

of discubsions between ICRU and ICRP the following formulation` has been
4

agreed upon:

The Dose Equivalent

1. For iprotection_purposes.it is useful to define a

quantity which will be 'termed the "dose equivalent

DE) is2: DE) is defined as the product ofabsorbed dose, D,

quality factor, (QF), dose distribution factor, (DF),-

and other-necessarxmoqifying factors.'

'(DE) = D(QF)(DF)

- 3'. The unit of dose equivalent' is the "rem.", The dose

equiValent is numerically equal to the dose in rad
.multiplie&by the appropriate. modifyingfactors. . ...

,

The'quantity for w ch the curie isthe unit was referred tthe commit-

tee for a name definition: Hitherto the curie has been defined as .

.
10

4 quantity of the radioactive nuclide gu,ph that 3.7,,x go= disintegra-

,tions per second occur in it. However, it has been specified what was

4ntby quantity of ainuclide whethex it be number, mass, volume,
4

C. Meanwhile the e-custom ha grown of iden4fying the number of curies
aradionuclide'with its tr nsformation rate. BecaUbe of thqvague-

s of the originAl concept;,, becquse of.the custom of iden ifyirig curies

h tran formation rate and cause it appeared not to int rfere'with any-

o her use of the curie, the C ission recommetds thatIthe "activity"

the transformatio rate, and that the curie m de 'its unit.

4, 87 -
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. Ci'

1% i..: !".1,;*::.::.2:-.3. t:.at -,,:.,-,.-..tefinition-of z.2.-fe curie

,
.

o-:.;(.er Ic-lie,, ir. additicr: ..:-.o the Iciiii, tut 1.,.4, thi
v 1°-tat. :,-.epf ti..e" taMil to -1;eddfinr: it. a:,-*? 3.7 x 10

Of ac-...i.vi%.' and I,o-, of 1..antity o:' a nuclide.

is of interest to
report we recommend
-1.

as a unit

I is 'also rer%Ow:T.e'nded 't'hat the te6n. "specific gamma ray constant" b-sea ins-_ead. of specific ,-arlrna ray ep-Lis2sion'f6:-;:. avotient of thesAf.. r.3.-_e a- a iVen distance activity.:, The- forme--t-t-.124...._
a* ten- ion on the constaacy of this gtiotient for a given nuclide

1,

----ission of the source.
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(

DF030, INTRODUCTION TO PAM 25

I. Reference:, Skim Pam 25. pages 1 - 217.

II. ,Lesson Outline.

A. Introduction.

B. Explanation.

4

I .

In the introduction to this pamphlet, we briefly cover important
topics thr6ugh a page-by-page analysis, concentrating on the
material the studentwi11 need most.' The instruction is directly
keyed to Pam 25.

1. Areas most usedin Pam 25 are as follows:1

a. Atomic mass:table, pages 51-64.

b. Density of elements and common material, pages 65-66. .

c. .List of elements, page 68.
t 4

d. Universal decay table, pages 106-107.

e. Beta attenuation curves, pages 122-123.

f. Mass attenuation coefficients, pages 137-140.

-Glossary of terms, pages 413-441.G

2. This book may be tubed for student use.

C. SumMarj:.

Handouts: None

Problems: * None

Solutions: liOne

'[.

.
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DF040; NATURE- OF--X AND GAMMA RADIATION

I. Reference: ST 3-155, para 2.5d, 4.6c, 4.9'0(3), and 4.9c(3).

II. Lesson Ob:,ectives.and Notes:

A. Fundaientals of electromIgnatic radiation.

B. Oriin and producition of X ani gamma radiation.

1

9,2
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Notes;

L.

III.. Hand ts: None

TV. Pro ems: None
)

V. Sautions: None
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,DF050, TABLE 01ISOTOPES

I.' Reference's and Discussion.
1

A. Referaces: Pam 25, pages 219 thru 409 (especially221 thiu 228).

13).

.

NOTE: Fdr the purposes of consistency /within the Radiological
Safdty Course, when more than one value for a ce-rlain constant
or characteristic 4s listed in the Table of Isotopes, the first
listed value will be used. ti

C. The4ollowing is a discussion of the data shown in the Table of
Isotopes for several' specific isotopes illustrating what material
may be obtained. The discussion is keyed to numbers Al own ovet-

-
layed on the table ecerpt.

.1
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1

Isotope
7 A

144.

V.

c

Tr re of cfma? .24 /
"I a twoda we. Mass accts Ma pr rat:flawcmflail I,f ' ;4 rt.:51-A) WV IC 0) Class Identification,

approximate criergma (MeV)Gcnettc rclatoonships"Thermal newton , ,,and int:nsy
<PAS tenon IC I, bat (IS1I

Prmapal means
of produccoon

. I
I

. Z 40 h , .1. I,b,i ';) 2 (r_k_ ,-.- 4 3-, 3- t8; ,3 1 er.)(AyFetrn, n-capt (ArnaE )5it6tai:i) .....1.,3's, exc t (VVve5,3410
ft 0 573 max i ') (s4.,,,,24.,01 Hey/IT:, "

69
,-

...;"

t: 0 1...1, e::0 654 max /0".... 1
1. 87 S Crt5171 (l3'.--- 3_ 7j' 3 -15. cPAI exIt 40e11.30
IZ 7 e rt 4.al Pe,11140, , e 1 33 // - . / 5 N'

...., -- IF .'111.0 < r to -'AC 64 ,
(

- 64418111 re C.5
1

,k, 8 70,X-rays, 051) (3.$4:,. y ).
1 Datat,i, K.oDt 1 34 10 5'0

/t.I.e04 te, 31..be044,
. 46

e - 12.
1..hn11,1 ) tr1mM4x 4

.
StreK41 3.8.4,41
11111:W4e, 75.,536., .

-
ilep3i0, 15eyd757a
3114,,A5x, 7,11551 r I

I T

sii, 64Cu
29

.. ..
1. identification of radionuclide - Z number 29," che <,_ mical*symbol u,

and A number c,4., Listed by Z numbers. ,
'.

.
\

. -

2. Half-life is 12.80 hours - use first listed as more correct. :-

Peference behind tells where first stops and. second starts.

rR

. .3.
10

Decay syr;,o1 means radioactive. If a percent sign was there, i
would n the nuclide is found in nature.

, Types c/f decay a large sample 43% decays electron capture,
38i; r_,y4 beta emissions, and 199, by positron emission. .

j 4 t
Ratio or 6 tt EC decay to 0 decay - not used4f.or our purposes.

(,. Di ffeence in A number (protons and neutrons), and actual mass
number converted to million electron volts - not used for ,our

.purposes: .. ,

7. C,ertainty of nuclide --(not.uh for our purposes. .
o ."-

,ci. Ntthod of determination of the niSiidet
. .

15. 07 rax energy only - does not give the energy of all beta decays.
o

10. 6 max energy only, does not give the,,eneru Lff 411 positron decays. 4

.
11. '.:o n 1.T. r s i,,:, n ele.tmn energy.- not used for our purposes. .

% . ,

k12. Gamma energies - itlude X-rxys'as well as gamma efnisiiotl. Ni
(dau hater) X-raysi annihilatioli ractiatidn frorr0B+ decay - 0.511
(30 0 k( +) and n6rmal gamma emissidn

t .1 ,- \
. v

64 tl'i Y e thod of r proaur ',ion of 29( .#
... P

1 1 1 ) . 0

1
.

I . 1 . ,

%

t

96-
,,92
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L.

I

The decay s-hemes are lrawn to the test of the author's ability to give
a graphic representaticn of what o,?c;.rs when decay of radionuclide is

accomplished.

The scheme Aselr has de;inite meaning fro* i the lines involved. If the

line slants to .the- right, it is negative (0-) emission., If tile line

slants to the left, it is a positive (a,+, a) emission or electron
capture (EC). If the line is vertical, it is a gamma or neutron,eOssion.
The parent nuclide is listed at the top and.the distance between it and eti

the bottom listing,represents the energy lost by decay in going from
the parent to the daughter nuclide. The lines with arrdw. ds represent

decay emission. It starts at the end of the line and goe only as far
as the daughter line, then another line from the point i stops represents

another decay to complete the process.

In an explanation of the decay scheme, only those points of interest will
be explained. Further explanation of the scheme clan be obtained on pages

227'and 228 of Pam 25.

99
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22 Na (2.40 y):

L: 3. 1.746 atomic bearer (Lindy564)

A: c02 9.545 (Dania Ste): 9.543 (Harr:L.151a): 0.543 (1.1ftekP50a); $.549 (WonCS4);
\ jer:4-----apect

(p; 1.43-(1 0.06). (32 0.544 (1 100) mai aptet (Wri1553)
I rs (GosoW46, MorgK49. 1.euH61. Bran1:164a, CharP65)
Y: Yi 1.2744 gernieond speet (ftebilt65)

Yi (e/Y 6.7.a 10-5 (NakY63. Lea:Mt-54)
others (Mar11(65, Sinp59. AlbuLr4f, PrJeF55. GooW44)

flY(0): (GrabZ65. Daait160a. Sub15611r, Stey051. Mu11H65)
rtpcgari,(4): (StefFt59, 319562/AppH59. Itha565. Sebo1157)

Decay of
11

22
Na.

Half -life of the parent nuclide.

2. Parent radionuclide.

3. Types of decay. .

4. Percent of decay for upper line.

5. Percent of decay for lower line.

6. Hindrande factors - explained on gage 228, second column. Of no
importance to our;calculations., ,

7. Energy of this line. From this line to the ground "(daughter) states

this much energy is emitted, since only one vertical line goes to

the ground state (8): This is the gamma energy.

8. gamma emission (energy 1.2746 Mev):

9., Total decay energy.

10. Daughter products.

11. Energy of positron in '4. Energy read from "scheme bottom to .top.

There are two Positron-lines - the longest is 01,and the next up

is (32 , .

ifil
--- .

12. Energy of positron- is 5.
0

/ . 96



0 3.702 talc
(MTw)

6
26Fe

2.948

2.451

2,0$$

0.8.U9

56 Mn (7,576 h):

I: 3, atomic beam.. (Lind 64)

p y pi 2.84)47'5),(311.03 344, 1%) mag sect
itr-Ff8rv-D62a) 1 J7

pi 2.84 (60%). p2 1.05 (25%, p3 0.78 QS%) mag,spect (t1121.43a)
2.81 (son), per 1.04 (30%). p34.45 (20%) mag spect (SiegK46a)

otbses (TownA41,' VasiSSel, CharP6S)

Y: Yi 0.11448, Y2 Lilt `e3 2.110 tryst spect (ReidyJ65)
Yi 0.1145 (1,J00).'32 1.81 (1y30), Y3 2.12 (IN,15.3), Y4 2.52 (1,f1.2)..
Y5 2,45 (1y0.7),Y6 2.95 (8,0.4),' Y7 3.39 (1y0.21) stint spect
(CookCS58)i M2 (c±/Y 0.0006), Y3 (e±/Y 0.0005) mag spect cony (S1aH52)

others (DagP69, GroshL57a, KieP59, Bie364a, LeviN58. E110-43a,
SiegK46a, MunM55, KikS42, GermE53, MetF53c)

`MO): (DagP59, LeviN58, MetF53c, MaliS59)
py(o), fripo ariz(0): (LobV62) nucl.align; (VagP59, BaueR60a)
0.026 level o\t5,6Mn; ti /2 1.14 x 108 s 'delay coinc (DToiS61)

1.04 x 10-8 s delay coinc (BoniM64)
others (DAngN60)

0.109 level of56m : tin 5.1 x 104 s delay coinc (DToiS61, BoniM64)
. others (1)AngN60)

1 0 1
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25

F-

..rent raiion1;i1e.

of time. Look at bottom for
t
beta energy.

- occurs 1C cf time. Look at bottom for beta energy.-'

(, - oceurs-30 of time. Lookt bottom for beta energy.

P- (6'1) scours 53% of time. Look at bottom for beta energy.

/ lec".1.7% of-all gamma from tills level (1.3% of time) decays

:y emission of a 3.37 Vev gamma photon.

lecay of all gamma from this level (1.3% of time) decays
emission of-1 2.'22 Vev gamma photon.

- of all gamma from this level, (16% of time) decays
E.I.ris,..iorr of , 95 vev g'Lmsiri. photon.

10. y !e-ay all r-irrca from this level (16% of time') decays

ci.emissdbn of , 2.11 Mev gamma photon.

11: 7 deny - 2.2% of 111 gamma*from.this level (10% of time) decays

'by emission of a 2.(r_. Mev gimrn photon.

12. / iesay - of all g-amma from this level (30% of time) decays

emission of a 1.811 Yev gamma photon.

/ lecly - gamma photon of 0.8469 emitted 53%, of time.

14. aing first listed (31 - the energy of (6)P1(0) is 2.4 Mev.

15. TW-,inc first listed p; energy of (5) 02 (0) is 1.03 Mey.

16. Using first, listed 0:3 - the energy of (1k) p3 (0) is 0.72 Mev..

17. Using first listed 04 - the, energy of (3) (34 (0) is 0.30 MeV.

102
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II. Lesson Objectives aid Notes :`

.

Use of the Table of Isotopes.

4 103
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./
III. Problems.

Using the table starting on page 51, Pam 25, list the more
common isotopes of the following elements and give the mass
of the heaviest isotope of each element.

Z NUMBER AND NUMBER OF MASS OF
,ELEMENT NAME ISOTOPES HEAVIEST ISOTOPE

a. 11-Soiluji

b. 24-Chronium

c. 60-Neodymium

.d. 92-Uranium

94-Plutonium

f. 36-Krypton

)

2.. List

b.

c.

d.

e.'

f,

g

the half-life of the following nuclides.

NUCLIDE HALF -LIFE

3ll
1

14c

6

241

11

6o
Go

27

137Cs
55

235u

'92

82Br
35

`..

1

103



.40

J

4

What type(s) of particles would you expect from the decay of the
following nuclides?

a.

b.

c.

d.

NUCLIDE TYPE OF PARTICLE

/

115c

48

1241

53 ,

134ce__

58 ."

210..Am

-95

e.
212
83
Bi

165H0
67

28

_341

After arriving at a nea assigrp,ent, you decide to take an inventory

of radioactive materials. One Dirge lead container is found to have

three bottles in it marked "1, 2, 3." A sign on the container states

that ,it contains p9Sr-30Y, 35S
' 53
1291 in solution form; however, you

lb
can firid no record of which nuclide is in which bottle. The nuclides
are all beta.emitters. You measure the beta energies and find the
maximum beta energies are as follows. What nuclide is in each bottle?

BOTTLE ENERGY NUCLIDE

1 2.27 A

/ s 2 0.150

3 0,167

105
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4.

5. Give the energy of the most energetic gamma photon from the
following.

a.

ISOTOPE

117sb
51

c. 79As
33

d.

e.

115cd

48

6%o
27

f. 7°As
33

g.
115Te

52

h. 205Bi

83

GAMMA ENERGY
IN MEV

PERCENT
OCCURRENCE

6. You have been assigned to ship a large quantity of Co.g In order
to determine how thiCk the container will must/be to shield person-
nel.from gamma radiation, you must know the most energetic of these
gamma rays, which occur of the time Or greater.

The most energetic is'

105
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7. List the types of particles emitted from the following nuclides,
the percentage of the disintegrations which result in the particles,
and maximum energies of the particles.

NUCLIDE
TYPE OF
PARTICLE

EXAMPLE:
64c11

2
13

P

1.

a. 8°Br

t

b.

c.

35

104

6
1pd

\
21.113i

PERCENT s ENERGIES

38% 0.573 Mev
19% 0:656 Mev

8. What percentage of naturally ocdurring uranium, ore is 235U?
92

ANSWER:

107
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9. Give the isotopes of the following elelleat'jwhich are found in.
nature and the percentage abundance of each.

ELEME4T ISOTOPES A.9.912ANCFL

Oxygen

b. Aluminum

,c. Zinc

d. Uranium

4'

I

4" 1Q8
107



10. What is tne energy of each of tne beta particles given off in the

decay of 1.J1I /Oacay scheme)? What percentage of the time is each

particle given Off?

RADIATION ENERGi PERCENT

.3

11. According to fable I. Pam 25, for Mnngadese-56, w re the energies'

of all .lie indicated gamma transitions? What.sho: be used for

shielding purposes? .>

4$

109
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12. What gamma energies should be used for shielding in the decay of
the following radionuclides (occur 3% of the tithe or greater)?

NUCLIDE GAMMA'ENEAGI

a. 34C1
17

b.
66Ga
31

C.

d.

e.

119mTe

52

214Bi

83

141
56Ba

f.
49,

19

.g 63Go
27

h. 59Fe
26

140
La

57

j.
1(32

7
001' Ir

7

110
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'1;

4.

-7=ZE 1171-221-, C 14ASS OF HEAVIEST

ISOTO ?E- -
23.991743

24-Chprniurn 55.9'-061-3
150.23770

1. c 240.056633
1=-/ .246.070123

89.91972)

fP

HALF-LIFE

12.262 years

5730 years
4,

14.96 hours

5.263 years

30.0 'Years
T-

23,u 7.'1 x 108 years

JS

11.1
110

35..34 hours":
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3. NUCLIDE

a. 115

48
Cd

TYPE OF PARTICLE

0-

b.
124

I 0+
53

. 34
c.

158Ce
None (EC)

2491 ad. Am

12
e.

283

D1
0-, a

165
f.

67H° None (Stable)

g. 23Ni 0-

4 BOTTLE , ENEVGY(Mev) NUCLIDE

1 2.2/7
38
9°6 - 9°

39
Y

r 2 0,150. 1291

53

3 0.167 5s
16

.112 1,

1 1 1



.

5. ,,GAMMA ENERGY

ISOTOPE IN MET OCCURRENCE -

a.

b.

C.

d.

e.

11 7Sb
51

96

79A
33

s

14815
'"

6oc

27
0

f.
33
7 ClAs

0.511

1.2

0.89

0.53

1.332

i2.03

5%

21%

1%

26%

100%

19

g. 135. 2Te 1.58 6%

h. "28305_. 1.906

6. The most energetic is 0.692 Mev (0.14%). Considering those which occur
3% of the time or grater, the most energetic is 0.136 Mev (11%).

a.

b.

NUCLIDE

35

80Br

101
46Pd

c. 2 38 Bi

TYPE OF

PARTICLE

0 ,

13+

a 994;%

0.27%

2.00 Mev
0.87 Mev

0.78 Mev

6.62 Mev
None listed

8.
234U composes 0.7196 percent of naturally occurring uranium ore.



.

.40

.14

ELEMENT ISOTOPE ABUNDANCE

a. Oxygen 16
0 99.759% .

17
0 0.037%

1..0
0.204%

b. Aluminum 27
A1 100%

. ,

c:, Zinc ;
64

Zn 14.89%
66

Zn 27.81%
,67Zn Q

, 4.11%
068

Zn , 18.56% >

70
Zn 0.62%

. ,

..

d. Uranium
234

0.0057%
'235u

0.7196%
238u

:.99.276%
c

10. RADIATION 'ENERGY PERCENT
,

61
,it.2

0.608 90.4%
o.33 -- 0.5% .-

04 0,25 6:9%
135 'Not listed 1.6%.

. Il. Energies from*Table I, Pam 25,,are:

0.847, 1.811, "2.110.

For shielding purposes, the maximm game energy occurring 34 of
the time or greater is used.

The first, 0.847, occurs 99%. The eecond, 1.811, occurs 29%, and the
third, 2.110, occurs 15%.

Tile energy used for shielding purposes is 2.11 Mev.

114
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:

12...

ik a.

b.

c .

. . / . d .

e.

f.

g.

h.

i .

J

0

NUCLIDE

s

A.

GAMMA ENERGY (Me v)
,..

34C1
17

66G

31,

llreTe
52

21433i

83

ilaBa
56

42K
19

6PCo
27

59ve
26-

140
57

La

'1921r w
7T

0.511

4 . 3

2.09

2.204

1.65.

1.524

1.332

1.292

2.53

0.612

115
114
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pF060, SHIELIOF CHARGED PARTICLES

es: ST 3-155, Chapter 4, paragraph 4.1, 4.2, 4.5, 4.6; 4.7, 4.9.

Le;son Objectives and Notes:

A. Mechanism of absorption of charged particles.

B. Range of beta particles.



Notes:

Handouts: None

Jt-
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IV. Problems.

2

A. Class and home problems.

1. Frorh the figure on page 122, Pam 25, ohtain the following

"slues (in inches). ,
l

.

a. The range to air of a 1 Mev beta particle.

N

b. The range in water of a 4 Mev beta particle.

c. The range in aluminum of a 0.3 Mev beta particle.

d. The rangein lead oga 1.7 Met- beta particle.

2. F4.om the figure, page 122, Pain 25, find the range (in inches)

of a 3 Mev beta particle in each material listed below.

s.

a. Air

Wa-ter

c. Aluminum

.

d. Lead

t
3. Convert each range obtained in probletA 2 into centimeters

(1 inch = 2.54 centimeters).

,

N

/IV

,

,

,



4 From figure, page 12S, Pam 25, wh.at'is the range in r4
/mg/cm-2 of a 1 Mev beta particle? What is this range

expressed ih centimenters of aluminum?

5. Based on figllre, page 123, Pam f5, what is the range
in centimeters o.f an 8 MeV beta particle 'in conper?

-6. Based on the figure, page 423, Pam 25; what is the
range in centimeters of a,0.7 Mev- beta particle in gold?

.

7. In a laboratory experiment the maximum range of beta
particles from a source was found to be 0..25 cm in
aluminum. What is the maximam energy of beta
par,ticles?

8. lead shield is bombarded with beta radiation with
the maximum range being 0.06 cm.. What is the maximum
energy of the beta particles ?

'4

126
119.`
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V: Solutions to problems.

A,. Solutions to class problems.

1. From page 122, Pam 25 -

The range in air of a 1 Mev beta particle is

120 inches.

The range in water of a 4 Mev beta particle is

0.95 inch:is

.
The range in aluminum of a 0.3 Mev beta particle

is 0.011 inch.
------------- -

1. 4( The range in lead of'a 1.7 Mev beta particle

is 0.625 inch.

2.' From page 122, P-im_25, range of 3 MeI'beta particle -

a., In air - 520 inches.

b. In water 0.67 ,inch
------------

c. In aluminum - 0.25 inch.
"--

1. In lead - 0.055 inch.

Conversioft of ranges in

520 inches = (520)(2.54) centimeters

em into centimeters:

= 1320 cm.

b. 0.67 inches = 1.70 cm

c. ,0.25 inches = 0..635 cm

d. 0.055 inches = 0.1398 = 0.14 cm

4. From page 123, 1);.m 25 - .

Range of 1 Mev beta particle = 400 mg/cM2.

In aluminum: X =
R

P
p = 2.699 gm/cm'. (page 65)

P = Z699 mg/cm3

then X =
400

0.148 cm.
-26,99

.0
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5, From page 123, Pam 25.

For 8 Mev beta particle R = 4150 mg/cm2

From page 65, Pam 25 p = 8.94 gm/cm3 = 8940 mg/cm3

X
R h200

cm
T§4-15

I

age' 123, Pam 25 -

For 0,7 Mev beta particle R = 250 mg/cm2

From page 65,Pam,25 -

p Of gold = gm/cm3 '= -19,320 mg7cM3'

250
= 00129 cm

19,320

7. 'Max-M = 0.25 cmin aluminum.

From page 65, Pam 25 -

P for Al = 2699Trecm3

R' = Xp ; 0.25 (2699) = 67'5 mg/cm2:

From page 123, Pam ?5,-

Max energy of beta particle F

8. Ma* X = 0.06 cm in lead./

From page 65 Pam 25 -

p" = 1.1,350 mg/cm3

R = Xp = 0.004,350) = 681.mg/cm2

From page 123, Pam 25 -

Max energy .= 1.51 Mev

122
121
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4.

C

DFO7O, SPECIAL HAZARDS

I. A. References: TM.3 -220, pare 100-105; Fan 25, pages 194-203, 206-209.

B. Discassio-i.

1. Radioactive Materials.

a. General.

The greatest hazard to the worker in the field of radioactivity lies
in.the accidental entry of radioactive material into the worker's

,body. The mode of entry may be by inhalation of airtorne dusts or
aerosols, ingestion, accidental injection,.or entry theOuth an open,

wound. Regardless of the mode of entry, a small amount of internally
deposited radioisotope may present a considerable hazard whereas the

same amount would be unobjectionable if outside the body. Because of. '

their chemical or nuclear properties, some commonly used, radionuclides
are more hazardous than others. 4

The chemical or physical form, the chemical properties and/or the

nuclear characteristics of many elements and compounds offer potengally
dangerous conditions with which

Some
radiation protection or safety

officer will have to contend. Some hazardous non-radioactive materials
are commonl4 used in the radiation work area which may be overlooked
-because,-of their non-radioactivity.'. The special hazards or special

hazard situations which could result from using special hazard mate-
rials require the radiation' protection or safety officer to recognize

the potential hazar3, establish safety procedures to offset the
potentialitj'Of the hazard,"and be prepared to institute emergency
procedures if pre4entive actions fail.. This discussion is presented
to make the reader aware of some of the special hazard materials
countered in many' radiation work areas.

b. Definitions.

Special Hazard - A hazard or potential hazard presehted by radio -

nublide or radioactive material apart from the external ra ation

hazhrd common to all radipactivedfilaterials.

Special Hazard Material - A radionuclide or radioactive ampound

which, because of its intrinsic characteristics, pres is a special

hazard.

Special Hazard Situati.on - A procedure, operation, or situation
which, because of the intrinsic characteristics of the radionuclide
involyed, presedts hazards not encountered when working with other

radioactive materials.

124
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c= Special Hazard Materials.

(1) Tritium.

/

ka) General. After the discovery of deuterium in 1931, much
effort was expended in searching for a hydrogen isotope of
mass number 3. Exhaustive electrolysis of highly concen-
trated deuterium oxide samples gave residues in which
tritium was detected, the quantiWs of the material being
such that a natural ratio of 10 " atbms .of tritium per
atom of light hlydrogen (1H) was suggested in 1940. However,

ratiio,10-1 being so low, the existence of natural
tritium is often disregarded.

(b) Tritium production. Natural tritium is believed torbe
formed by neutron bombardment of atmospheric nitrogen
according to the,equabion

14 1 12

6
C

1
T + Q

. 7
N

o
n

The necessary neutrons result from the action of cosmic
radiation on atmospheric gases.

Tritium was first prepared artifically by Lord Rutherford,
Marcus L. E. Oliphant and Hartetk in 1935 by,the bombardment

aof deuterophosphoric acid with fast deuterons. Deuterium
compounds bombarded with high energy deuterons produce
tritium and light hydrogen according to the equation

2
D +

2
D 3

T + IH + Q
1 1 1

Helium is also profited according to the equation

2.D
a y 3He + 1n +

1 ,L 2
o

Tritium has also been obtained by the reaction of slow
neutrons on lithium in particle accelerators or nuclear
reactors according to the equation

- "*".

16
-L1,

on
3T

+
itHe

+
1

125
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Other possibilities of production are from deuteron bombard-
ment of beryllium.

9Be + 2D -4 3T + 8Be + Q
4 1 1 4

or,

L
9Be + 2D- - 3r + 2 He + Q
4 , 1 1 2

and a few related processes. The reactions Be (d, 20) T

land Li (n, a) T are useful in the preparation of tritium in
sizeable quantities.

(c) Characteristics. Tritium is the.only known radioisotope of
hydrogen.. The following symbols are used to indicate tritium:
3
1H, iT, or T. As a gas:sr.t-34_,r-eferred to as T2 0r 3H2i

.Tritium has a half-life of 12.262 years and emits beta parti-
cles of 18 Kev energy. This is one of the least energetic beta
particles known. Undiluted tritium gas `has an activity of 2.6'
curies/cc STP,or 9.8 x 103 curielyram. Pure tritiated water
has an activity of about 2.7 x ld curies /gram. Since it is.an
Isotope of hydrogen, tritium has the same chemical prdperties
as.hydrogen. It is explosive in the proper concentrations. It

dilfflises rapidly and strongly adsorbs onto and absorbs into all

'surfaces. Tritium undergoes isotopic exchange with hydrogen
combined in molecules, especially water and hydrocarbons.
Under proper conditions, it combines directly with most of the
lighter and many of the heavier elements to produce a hydride
Of.the element with,which it combines. Some of these reactions

' can be.very violent, yielding, high temperatures.

(d) Uses. Tritium may be used:in nuclear weapons. It isalso
finding extensive use it both civilian and military appli-
cations othe than weapond. Tritium is rapidly replacing
radium as the4-adioactive component in luMinous paint used
on compass and watch dials and sighting mechanisms. Some
detecting elements used on as chromatographs and accelerator
targets for neutron sourcea have tritium es a component.

Tritium measurements are aldo used in dating experiments.
Determination 1.7hether an,uhdergrdund reservoir is static or
not, circulation in the Great Lakes and the actual age of a
wine have been accomplished using tritium counting techni-
ques.

126 ."
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ELEMENT
TYPE

uF DECAY

TABLE I

TRITIUM

RADIO
HALF-LIFE PROPERTIES/USES

A

Tritium 12.3 years 1. Colorless, odorless, taste-
less gas.

T' 3H
1 1

18 Key 2. Diffuses thiough materials.

3. Absorbed by metals.

4. Forms metal hydrides.

5. Replaces hydrogen in
hydrogen compounds.

6. Constituent of luminescent
paints.

7. Tritium bearing weapons.

-gift
TYRE

COMPOUND OF DECAY

Tritium
Oxide

HTO; T20

TRITIUM OXIDE

12.3 years

PROPEBTIES/USES

1. In equililFium in replace-
ment reactions.

Example:

H2O + T2 HTO +

2. More easily absorbed in the
body than T2.

1,27
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(e) Hazards. Tritium gas, or vapor, quickly disperses into the
atmosphere and adsorbs strongly onto many surfaces or even
penetrates deeply into many construction materials from
Which outgassing may occur later. Complete penetration of
rubber hoses and thin plastics can, occur in a few hours.
Substantial non-volatile transfer of tritium from con-
taminated surfaces to skin by direct contact has been
demonstrated. Since tritium radioactivity on the contami-
nated surfaces is not necessarily detectable by gas-flow
monitoring methods, this route of entry of tritium into
body tissue must be considered an unrecognized, potential
hazard, where thehandling of surfaces exposed to high
levels of tritium is concerned. The possibility of contact-
transferred tritium in skin, its chemical form and location
within the skin, and the exact radioactivity content of the
contaminated surfaces are particular problems.

The radiation hazard to personnel from an accidental re-
lease of tritium gas increases with time because of the
conversion of tritium to tritium oxide. The latter is
mutJh mare rapidly absorbed by the body because of its
greater solubility. Tritium as is absorbed equally through
the lungs and skin after which /T atomic replacement Of the

1H atom in H2O will take place. In addition, THO )r T
2
0 can

1

be inhaled or absorbed through the skin. Consequeptly, the
tritium hazard is to the whole body, with the body fluid
(water) the critical item. Above normal quantities of
liquids during the first 10 hours alter an exposure should
not be consumed unles,s prescribed by a physician. .

The main haZard of tritium is that it is extremely difficult
to detect and therefore may be present in an area without
the knowledge of the personnel preserit.

128
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TABLE II

SPECIAL HAZARDS
TRI

ri
UM

ELEMENT
OR COMPOUND

CRITICAL
ORGAN

SAMPLE
OF CHOICE

BIOLOGICAL
HALF-LIFE

SPECIAL
HAZARDS

.

Tritium

)

Whole
body

.

.

Urine 12 days 1.

2.

3.

4.

5.

Difficult to
detect.

Diffusion through
. and into materials

Skin contact trans
Per.

Hydrogen isotope
explosive. .

Outgassing

Tritittth

Oxide

:

Whole
body

Urine 12 days

..

, 1:

2.

Readily absorbed
into the body.

Difficult to
detect. '

(f) Protective Measures. The hazardous effects of tritium can
be minimized,by aeration of a confined space or, flushing

the area under vacuum with helitim or hydrogen if necessary
(control of explosive hazard is required however). The

Savannah River Plant of the E. I. du Pont de Nemours and Co.,

which uses large amount of'tritium, makes extensive use of

walk-in hood facilities to minimize the potential hazards'

of tritium. Buildings in which large numbers of tritium
bearing devices are stored should have adequate ventilation
to prevent a tritium buildup in base the devices leak. Since

T2 goes through filter masks, breathing apparatus with)elf,
contained air supplies are required to reduce the exposure

doSe. Rubber and plastic gloves with air supplied suits will

further reduce the exposure dose. Even in this case, the
4uipment should be replaced every 30 minutes because of
the T2 penetration of rubber hoses, etc..

129
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(g) . Decontamination.

Tritium diffuses very quickly and unless released in a

closed area will present little or no hazard.
with

an

enclosed area 'is capable of being.flushed with air, then

it is possible to reduce the haiard and occupy the building

after'the 3T has been flushed out. Obj cts in the area

exposed to tritium may absorb the gas and should therefore .

be disposed of as radioactive waste. If the material is

needed,.degassing under a vacuum by,flushing with helium

or hydrogen may be done. However, the certainty of complete

decontaMination to a safe. level is low.

(2) Uranium.

(a) General. All nuclear weapons contain a certain amount of
fissionable material, either uranium or plutoniUm or'both.
Nuclear accident/incident control personnel as well as
radiological protection officers are concerned with the:
special hazards associated with uranium.

(b) .Characteristics. Uranium-233 is an. alpha (4.8 Mev) and
gamma (0.097 Mev') emitter. Uranium-234 is an alpha (-4.8
Mev) emitter. Uranium-235 is an alpha (-4.Q4ev) and gamma
(0.18 Mev) emitter, and Uranium-238 is an alplia (-4.2 Mev)
emitter.

Uranium metal reacts readily with oxygen in the air to
produce small particles of insoluble oxide which can become
airborne under proper conditions.

The Permissible levels for soluble compounds and the level
for insoluble compounds in air are based on. chemical
toxicity, while the permissible body level for insoluble
compounds is based on radiotoxicity.

The high chemical toxicity of uranium and its salts is
largely shown in kidney damage, and acute necrotic arterial
lesions. The rapid passage of soluble uranium compounds
through the body,tends to allow relatively large amounts
to be taken in. The highly toxic. effect of insoluble com-
pounds is largely due to lung irradiation by inhaled parti-
cles. Because of their small solubility, absorption of the
oxide by the'gastrointestihal.pystem is very low. YeneL
tratioh of the unbroken skin is impossible and although
the material may ent91 where the Skin islroken,,it will
be localized at the point of access. It may be cleansed
away, even at some later time, without appreciable transfer
in the bloodstream-) or other body tissues having' occurred
because or low solubility.

130
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(c) 'Uses. As previously stated, uranium is found in some

nuclear weapons. It has also been used on source check

41
plates for laboratory and field use.

(d) Special Hazards. The primary' special hazards presented

by pranium are the high chemical toxicity of its solUble
compounds and its alpha irradiation of lung tissues if
"'airborne particles are inhaled.

Other hazards' include entrance of particles of uranium
through the broken skin; ingestion of insoluble uranium
or uranium compounds which emit alpha particles to cause
damage to the intestines; and, a fire hazard resulting
if solid or dust forms of uranium metal are exposed to
intense' heat or flame.

.

'131

130
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TABLE III

URANIUM

ELEMENT
OR COMPOUND /

,TYPE
OF DECAY .

RADIO
HALF -LIFE PROPERTIES /USES

.

.

233u
*

234u

.

235u ,

.

.

. 238u

0

a4.8 Mev
a 0.1 Mev

ct--4.8 Mev

:

a-4.6 Mev
2'6.18 Mev

or-4.2 Mev

1.62 x 105
years .

2.47 x 105
years

7.1 x 108
year's

. '4.51 x 109
years

1.

.

2.

.
.

,

Metal readily reacts with
oxygen in theair.to give
an oxide.

Constituent of some
weapons.

.

,

.
.

-'SPECIAL HAZARDS
,

ELEMENT

,

CRITICAL
ORGAN

SAMPLE
OF CHOICE

BIOLOGICAL
HALF-LIFE SPECIAL HAZARDS

,

UraniuM
.

....

,

Kidney
Lungs

Urine

,

120 days 1. Soluble com-
pounds have hi!,

cheMical toxic

2. Insoluble com-
pounds irradia
intestines..

3. Fire hazard -
metal.

132

131
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(e) Pfoteptive Measures. .Respiratory protection must be*pro-

: vided to personn51 who are likely to'enter an airbdrne

concentration of uranium compounds which exceeds maximum

permissible standards as established by Title 10,tPart 20)

CFR, Gloves should be used by. personnel' who handle uranium

sources,Npspecially if opeh wounds are susceptible to con-

taminatiok

(f) Decontamination. The reader is refer'red to TM 3-220 for

decontamination considerations for uranium. The general

discussion for preplanhing-adtions to be taken in the event

of an accident as applied to radium:are applicable also to

uranium. ''

Plutonium.

(a) Geadral. Plutonium Was the first of the man-made elements

to be produced in large enough amounts to be visible. It

has 15 known isotope's ranging in atomic weight from 232 to

246 and all isotopes- are radioactive. Plutonium-239 is the

moat commonly used material. It can be formedin a nuclear

reactor from natural uranium according to the formula -

,23u n 239u '239Np P . 239Pu
92 -0 -7 00/"' 23.5m 93 TV 94

(b) Characteristics. PlutoniuM:239
emitter, giving off a very high

(c)

about 5.2;Mev. A by energy (0
emitted 0.02% of the time. It

years.

is primarily an alpha
energy alpha particle of

.05 Mev) gamma photon is
has a half,-life of 2.4 x 104

Plutonium is a highly ictive metal. It-readily combines
4
with the oxygen'Of ary humid air to form a finely

powdered oxide. .Increasing temperatures

oxidation rate., It is readily- dissolved
hydrochloric, hydroiodic, and pefchlorie

increase the
in concentrated
acids.

Uses. The first at-mic bomb, exploded in the desert 6o

miles from Alamogordo, New Mexico, on July 16, 1945, con-

tained Plutonium. Sixteen months latef, it was first used

in the Clementine nuclear reactor:" 'Since that time it }as

found ever increasing uses in reactor.fuels. It has provided

,a long lived and Stable neutron source. it can also be ,

used to Produce transplutonium elements by irradiation in

- the intense flux of a reactor. The most common use en-

countered by radiological prOtectiOn officers is in call-

bration.and/or check'sources such as the AN/UDM-6 and the

TS-123Q( )

133,
132

IP
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(d) Special Hazards. The permissive levels-for plutonium
are.the loweit for any of the *ralloactive elements. Plu-
tonium concentrates directly in the blood forming sections ,

of the bone ;ether than in the more uniform distribution
shown by other heavy elements, such as radium. A principal
hazard-is associated with the inhalation of plutonium com-
pounds and subsequent irradiation of the,. lunge.

The ingestion hazaiid of the oxide is minimal due to its
low solubility, but entry of the powdered oxide, through
cuts or skin abrasions is a severe.'hazard.

Plutonium metal has been known to bprn spontaneously in
atmospheres with more than normal Joncetrations of oxygen
and 1.4hen coming into contact with petroleum. prOducts.

TABLE IV

PLUTONIUM
.

ELEMENT
OR COMPOUND

TYPE
OF DECAY

RADIO
HALF-LIFE

.

PROPERTIES/USES-,

Plutonium

239
Pu

a-5.2 Mev
.

7'0.05 Mev

2.4 x 104 yr
,

1. Metal reacts readily with
oxygen in air to give oxid

2. Found in some weapons.-

.

3. Used in AN /UDM -6 Calibrato:

SPECIAL HAZARDS

ELEMENT
.OR COMPOUND

CRITICAL
ORGAN-

SAMPLE
OF CHOICE

BIOLOGICAL
HALF-LIFE

. ,

SPECIAL HAZARDS
. .

Plutonium Bone .

(sol)

Lung

Uririe 200 years 1. 'Concentrates dir
tly in blood for
ing section of t
bone.

, (insol)*

_

.
,

-2. Severe hazard if
entry through

. broken skin.
.

. .

3.. Fire hazard - me

1;3 4
133

c-

e

al.
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(6) Protective Measures. Because ofthe severely-toxic nature'

of plutonium, the maximum permissible body burdens are
.set very low and correspondingly, the maximum permissible
concentrations are set equally low. Strict control of

radioactive contamination is imperative in a plutonium

operation. Cleanliness of the work area, protective
clothing and respiration are required when working with

loose plutonium. Check sources or calibration plates must
be handled with extreme cautionto avoid flaking or scratch-_
ing the surface. Wipe tests must be performed periodically
and hauling tools or gloves should be used when transporting

a sourte.

c. (f)(f) Decontamination. The reader is referred to TM 3-220 for

. decontamination procedures and techniques. In addition to
the procedures listed therein, as a last resort, plutonium

may be removed from the skin using a potassium permanganate

(6.4 gm/100 ml) and 1% sulfuric-acid solution 0.2N),
followed by brushing (not longer than. 2 minutes), rinsing,

'and rewashing with 5%sodium abid sulfite solution (10 gm

Na HB03/200 ml H20) (not longer than 2 minutes). The pro-

cedure may be repeated several times as long, as the 2
minute maximum washing time in each step is observed.

(4) Strontium-90 - Yttrium-.90.

s
(a) General. Use of O r-90Y is becoming more coMmon-as attempts

have been'made to pinduce portable calibration devices that

require less and lighter shielding than conventional gamma

radiation sOuros, example is the Army's TS-784A/PD

Radiac Calibrator.

(b) Charactpristics. StrontiuM-90 is a pale yellow, soft metal

found in equilibriumWith its daughter product, Yttrium-90:

-A source of pure'90Sr,will reach an equilibrium with its

daughter, 90Y, in abdut 14,days and thereafter, the quantity
of-Yttrium/ measured in curies, will be the same as the

quantit of strontium and Will folloW its'decay. '

Strontium- emits beta radiation of about 6.55 Mev. Its '.

half-life is 27.7 years. Yttrium-90.emits beta radiation of

-about ,2.27 MevrIts hiaf-life is 64 hours.

'135\
134

I.
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(c) Uses. As calibration sources, 93Sr-9°Y beta (particillate)
, . #.adiations interact with various shielding materials to

produce bremsstrahlung (energy) radiation for calibration
of gamma detecting/measuring radiac meters.

(d) Special Hazards. These isotopes are among the most hazard --
* ous handled in laborato)./ and plant operations. Strontium-
90 is a bone seeker. It will replace the calcium in the i

bone and act as a source of internal radiation to the blood
forming tissues.

Strontium and Yttrium prese0'a moderate fire hazard in the
form of dust when exposed to flame. Strontium-90 metal
is highly dangerous if it comes into cocitact w,ith water or
steam. Like sod' km metal, it will release heat and hydrogen
gas and may cause-Man explosion.

(e) Protective Measures. Workers using Sr-Y sources must be
cautioned on the special hazards of the material with' which
they are working. Working areas must be clean. and free of
oxidizing or caustic agents which could possibly be trans-
ferred to contact the Source. Immersion and other wet
or smear techniques are preferred for metallic or chloride
sources. Gloves and protective eye goggles or, glasses should
be worn to protect the hands and eyes from possible damage
due to the caustic nature of strontium oxides and hydroxides.
The.goggles or glasses will also provide,-retinal protection
from the high energy beta particles released by Yttrium-90.

'Decontamination. The reader is referred to.TM ,3 -220 for
decontamination techniques and procedures. The-general -

preplanning techniques discussed previously for radium
should be Applied also td strontium-yttrium sources.

( ) Polonium.

Polonium is another metal coming into more use,as a radiation
source in the isotopic farm Polonium-210.

(a) Charadteristics and Hazards. Polonium-210 is an alpha -

(5.3 Mev) and gamma (0.80 Mev) emitter. Polonium salts
which are soluble will concentrate in the spleen if the
source enters the body. Insoluble salts are,sources'of
alpha radiation to the lUngs and the intestinal tract
inhaled or ingested. Extreme care must be taken to cc5ntaln
this material because it may become airborne or be ingested
very rapidly. The primary special hazard presented by
Polbnium-210 is that it ip difficult to handle without con-

,taminating surrounding areas.
.

136
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(b) Protective Measiires. Ex4eMe cautfon must be used when

'handling this material. The high energy of the alpha

par' isle emit lied by 210P6 makes it as hazardous as'plu-

tonium as an alpha emitter,. In addition to the precautions

taken, when usinE plutbnium users. of polonium should'con-

sider tne use of k3love boxes or similar devices to assure

the containment oT the source. ;

(c) Decontamination. Tde general principles of decontamina-

ion should be applied to 210Po decontamination. Circu-

lating air vs-,ems are of particular concern. in prevenping

the spread or the contaminant. ,1 .

(6) Cesium.
- -

(a) General. Because Cesium-137 is not a bone seeker and has

a very long half-life (30 years), it has been used as a

replacement for shorter lived Cobalt-60 or hazardous .

'Radium -226. (An example is the AN/UDM-1A Radiac*Calibra-

tor, a 137Cs source, Which has replacti,tAN/UDM-1 Radiac

Calibrator, a.'3Co source.),

(b) Cesium-137 is a betaemitter'(0,51'MW(93.5%) and 1.2 Mev

(6,5%) in equilibrium with its daughter Barium-137m, 'a gamma

emitter (0:66 Mev)). Cesium-137 sclurces are usually pro-

duced from powdered cesium sulphate and then used in sealed

containers. Other salts of cesium have been used in the

past, however, and the stability of the source must be

carefully. evaluated before use, CeqUm chlorates and bro-

_mates can decompose with evaluation of oxygen producing an

eruptUp hazard. 'Cesium chloride and bromide are hygro-,

spopic saes. A lea4ng source could produce widespread

cOntanination :because of this,propertye Ces metal can

ignite spontaneously'(as sodium) on cbntact'wit

Protective Measures. ,User of'137Cs should know -What salt

of,cesium is cofttainea in sources. Plans dfvuse,

leak testing, etc:, should be made so 'as to reduce the

hazardous potent,ial,of the source

(d) Decontamination. The reader is referred to TM 3-220 for

specific'decontamipation techniques and procedures.,

137
- 136
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(7) _Other Commonly Used Radionuclides.

. (a) Artificial isotope Iodine-131 is used widely in medical
circles for diagnostic and therapeutic purposes because
the element is' concentrated by the body in the thyroid
gland. Because of the relative smallness of this. organ,
the permissible body level is quite low. Frequently
there-is a, tendency by doCtofs to overdose.' This ten -`
dencymust be avoided whenever possible.

(b) Cobalt-60 is more likely an external than an internal
hazard. Metallic Cobalt-60 is commonly used in sealed
gamma sources. Many, sealed sources leak as a result of
electrolytic action between cobalt and.the container.
The result is often a soluble cobalt salt which creeps
and spreads. Frequent leak testing of-capsules containing
metallic cobalt is desirable. Specific decontamination
ptocedures and techn es' ar'e discussed in TM. 3-220.

(8) Commonly Used Non-radionuclides.

(a) General. 'Because of their nuclear properties, beryllium
and lead are often used in conjunction with radibnuclides.
These manKials are sd commonly used that their irtrinsic
hazards are often neglected. The emphasis placed on radia-
tion protection associated with the use of the radionuclide
increases the possibility of-neglect. Radiological pro-
tection officers should establish and enforce safety pro-
declures,to reduce the hazards presented by beryllium and
lead.

(b.) Beryllium. Ap a pure metal or par% of .a' compound, beryl-
lium is toxig. It may cause death or permanent injury
after very short, exposures to small' quantities when taken
into the body -by inhalation or ingestion. Inhala';ion is
the most significant mean& of entry ;into the body.
Beryllium can cause berylliosus which is a respiratory
diseasesimilar to pneumonia.

I m

(c) Lead, 'and Lead Compounds. Pure lead and ilv.st of its com-
pounls are ,toxic.' Lead concentrate in the kidneys and
bczne where it is liberated into the bloodstream calx3ing

(

anemia. Lead piSoning is one of the most comraDn of
odcupational,dieases. The lead must enter the body or
tissues, otherwise, no exposure can be said to exist.
Modek of entr are:

4.

o

' 4
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1. By inhalation of dusts, fumes, mists, and vapors.
4

2. By ingestion of lead compounds trapped in upper
respiratory tract or introduced into the mouth on
food, tobacco, fingers, or other objects.

3. Through the skin - in the casetof organic lead com-

pounds.

Large percentages of lead entering the body by ingestion

are'excreted and for this reason, large amounts and long

exposure pre necessary to cause poisoning by this route.

On the other hand, when lead is inhaled, absorption takes

place easily and symptoms develop more quickly.'

Lead is a cumulative poison. Increasing amounts build up

in the body and eventually a point is .eached where symptoms

and disability occur.

Lead carbonate, monoxide, and sulp4ate are considered the

more hazardous compounds and also more toxic than lead

metal.

In any case, inhalation of vapor, fumes, and dusts presents

the'most serious hazard - whether metal or compound is en- -

Countered.

4

1.39
138
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TABLE V .
OTHERSPECIAL HAZARD MATERIALS

ELEMENT
OR COMPOUND

TYPE
OF DECAY

RADIO
HALF-LIFE

CRITICAL
ORGAN

BIOLOGICAL
HALF-LIFE HAZARDS

.
Strontium-90

.

.

50.55
Mev .

.

27.7
,

yr

Iir

.

Bone

.

.

52 years

.

9

,

*Replaces-calcium
in the bone.

Fire hazard.

,

Reacts with water.

' .

Yt6trium-90

.

-

02.27
Mev

.

,

64 hr .

..,

-

, .-

Insoluble compoUnds.
will'irradiate lungs

,

In equilibrium with'
90

Sr.

_

Polonium:2).0
,

.

C415.3,

Mev ,

y0.8

Mev

.'

'138 days Spleen

,

6Q days Alpha emitter.

Difficult to handle
without contamina-
tion

..

.

CW.1r1-7.37

Brci(ie'

t.'hicride
1

, 50.51
Mdy,

y0.7
Mev

'

30 yrs

r

.

'

-

Whole
body,

.(eol)

,

tr

.

'70 days

.

.

, .

Metal reacts vio-
lently with.water. 0

. -

Soluble saltahygro-
scopic and eas1.ty

dispersed.
.

, . . ..
.

Iodine- 13L

.

.

1"

'

,00t61

Mev
y0.64
eMdv,'

. ,

8 days

,

-

.

Thyroid

. ,

.

.138,days
. , :'

.

,

,

Overdose.
.1.,

.

' '
..

-*

Berylli,um
..

None

.

- 0

t.., .

'Lungs

tr
. o. .- "

....

Toile, metal. '.

.

Ledd ecd
COmPounds

, r

-0,

None '

.

- s

.

Bone,' .:',

Kidney

,,

. ,

-
0

.
.

. . ..
.

. .

'Severe inhalation
'hazard.% Chemically
, t4xic to ttle body.

. , t 4 ..

t,

;'
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d. 'Medical Aspects of Special Hazard Materials.

:(1) Evaluation of Internal Exposure.

If personnel are suspected of having been exposed internally

to,special hazard materials, confirmation and an evaluation of

dose received are required. 'Because the characteristics of

special hazard materials Vary, and because they concentrate in

specific critical organs of the body, the techniques of deter-,

mining exposure vary. Table VI below indicateslhe sample of
choice for determining internal exposure.

'Table NI
...-

SAMPLE DETERMINATIO13 OF iffTERNAL EXPOSURE

ISOTOPE SAMPLE OF CHOICE REMARKS

3H; HTO Urine
1

Radium, -Feces

Radon Breath and Urine '

Thoron Breath and Urine

Uranium- Urine

Plutonium Urine and Feces Collect AS, pooled.

24 hour samples;
save feces for 3-5'.
days.

Sr-Y Urine Preserve urine with

1 Mg/ml sulfonic

Polonium Urine acid; store at 3°C;
at least 100' ml needed.

Should leakage and ingestion occur, the body dose cannot be

calculated by simply integrating the dose rate from the initial

dose over a convenient pdriod, since some or aft of the element

or compound in question will have been removed from the body by

execretion before it could 'decay.
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In order to take this into account,..a modified ti is introduced.
This is the effective half-life (ti) and is connected with the
physical half-life (i.e., t1 by radioactive decay only) and the
biological half-life (i.e.,2half-life by excretion alone) by the

. expression

where

1

t1 eff
2

1

' t1
2

Phy
1

t1 bio

t1 eff is the effective half-life.

ti 'phy is the physical half- ,life, and
-2

tl bio is the biological,half-life.2

This*formula is applicable to all ingested sources. Table VII
gives useful data for possible accidental exposure or contaMina.:-
tion to the special hazard materials previously discussed. The'

. table combines information from Table I of NES Handbook 69, and
Table XII of Report of Committee II, International Commission
'on Radiological Protection on Permissible DOse for Internal
Radiation. (1959 revision) and'is extracted in par* from Table
18.82 of NRC Handbook, Medical Aspects of )Radiatfon Accidents.

,Table NUJ

RADIONUCLIDES TUT MAY BE ENCOUNTERED ON ACCIDENTS

RADIONUCLIDE
AND TYPE OF
DECAY .

0,HGANpF I MAXIMUM PER-

REFERENCEi MISSIBLE BODY
'BURDENS (pai)

i.

e

.PHYSICAL
HALF-LIFE
-(t1 phy)

'(diys)

BIOLOGICAL
HALF-LIFE
(t1 bio)
(diys)

akECTIVE
HALF-LIFE
(tl'eff)
(diys)

-

12

9.5

.

3H, IF&2, T2 0'

I

(3,7). (sol)

,

-_-;,Co (0,7)
er

.(sol)

(insol)

Body Tis-
sue

,Total
Body

GI(LLI)**
-Total
Body

Lung
GI(LLI)

103

2
2 x,10-

(1000*

,

. .

10,

.

.

.

,
.

4:5 x 103

1.9 x 103

12
,,

18/24

142
141



RADIONUCLIDE
AND TYPE
OF DECAY:

9.r (S -)
38

(.501)

(insol)

9°Y 0
38
(sol)

(insol)

ORGAN OF
REFEEENCE

Table VII jeont)

MAXIMUM PER- PHYSICAL
MISSIBLE BODY' HALF-LIFE
BURDENS (pci) (t1 phy).

(days)

BIOLOGICAL
HALF-LIFE
.(ti bio)
(dgys)

EFFECTIVE
HALF-LIFE
(ti eff)

(diy4

131T p_,x,e_)

53
-

(sol)

' ( insol)

urcs.
(3_,/)

55

(sol)

-.( insol)

Bone

Total
Body

Lung
GT(LLI)

GI(LLI)
Bone

Total
Body,

GI(1,LI)

Lung,

Thyroid
Total
Body

GI(LLI)

Lung

Body
Liver
Spleen
Muscle
Bone
Kidney
;Lung

Lung
GI(LLI)

Spleen
Kidney
/4ver
Total
Body

Bone

Lung
GI(LLI)

2-(95%)
20

3

20

0,7 (20%) .

50

4o
(loop)

5o
5o

lbO
100

300

,0.03

f0.O4

:0.1

o.4

0.5

144 1.8 x 104

2.68 18/24

%b.

8 138

1.1 x 104 70

\

138.4 6o

143
142

O

5,700

2.68

7.6

70

138
138



TABLE

RADIONUCLIDE ORGAN OF MAXIMUM PER-
AND TYPE REFERENCE NISSIBLE BODY
OF DECAY BURDENS (uci)

VII (CONT)

PHYSIcAL,

HALF-LIFE
(t1 phy)

(days)

BIOLOGICAL EFFECTIVE
HALF-LIFE . HALF -LIFE
(ti bio) (ti erf)
(days) (days)

22611a((x,p,2) Bone
86 Total
(sol) 0 Body

(insol) ' GI(LLI)

233U (:,, GI(LLI)

92 ' Bone
(sol) Kidney

Total
Body

0.1

0.2

o.a5
0.08

0.4

(insol) Lung
GI(LLI)

235U (a,0 -,y) GI(LLI)
.92 4 Kidney 0.03

(sol) Bone 0.06
Total
Body *0.4

(insol) Lung"

'(GI(LLI)

R
''''Ai (X,0,e-) GI(LLI)
92 -

Kidney 5 x 10 -3 ,

(sol) Bond 0.06
Total
Body. 0.5

(insol) ,

a...239Pu( ,),

(sol)

(insol)

Lung

(GI(LLI)

Bone(99%) 0.04
Liver
,Kidney 4.5
'Total

Body o.4

Lung
GI(LLI)

'5.9 x135 45

5.9 x .107

2.6 x 1011

1.7 x 1012' f,

120

120

120

&

8.9 icio
6

73x,104

1.6 x
4

.930

300

100

goo

100

-6.4 x210.

*(%) indicates the percentage in critical brgan of that in the total body.'
** GI(LLI) indicate& gastrointestinal tract, lower large intestine.

143'

144

4

ft



(2) Treatment.

Treatment for internal exposure should be under the supervision

and direction of a physician. The radiological protection
'officer should supervise decontamination of the individUal(s)

concerned before leaving the work area and, notify the physician-

or the type of material and suspected modmof entry into the

body.

II. Student Performance Objectives of this Lesson.

A. Given a list of commonly used radiation soarces and items containiqg,

radioactive isotopes, state the,spmcial hazards' associated mitiveach
.

source/item, without m
.

rror.
, ...,

.

B. Given a list of commonly used radionuclides presentirwspeqial)
hazards, explain the methods of protecting radiation Workers from

,

the hazards presented, without.error. - ',

'

.t
o

.

,
, t. -,, ft

C. With references and/"a radionuclidewesenting a special,hazard, list

the special procedures'for decontamination as'prescribed in TM 3-200.
.

III. Laboratory Exercise or Handouts: None-.
A

IV. PrOblems and Solutions: None

. References:' . * ,
.

A. Am Pamphlet 39-3, The Effects of Nuclear Weapons, DA AO* 6Z.
.J

B. Medical Aspects of Radiation - a handbook for physicians, healt.0

physicists an& industrial hygienists, Eugene L.aenger, Editor,

MK:, 1963.

C.- 1W3-220, Chemical, Bioleigical,Ndiblogical (CBRntamination,.
0

DA,Aipy 67.. w

.D.. TB 750-237, Identificatiod and Handling of- Radioactive iiemsgin the

Army Supply System, DA, Feb.70.
`- . 0

E. Pangerouli Properties,of Indu'strial Materials, 2d,Edition., N. Irvin

. Sax, 1963, Reinhold,Publishing Corp:- I e

0

F. Radiation Hazards and Protection, D. E. Barnes - Denis 'Taylor; 2d

.Edition, Pitman Publishing Corp, 1963, NY, London, Toronto.

G. Principles of RadiatiOn Protection, G. Eaves, 1964,,ILIFFE Books,

'Ltd., London. '
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H. Inorganic ,Chemistry, Therald Moeller, 1952, John Wiley and Sons,
New Y.ork.

I. Plutonium } - AEC Series, "Understanding the Atom, "US Atomic
Energy Commission, Oak Ridge, Tennessee, 37820. (Revised
Edition - 1966).
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DF080, RADIUM - HAZARDS AND CONTROL

I. References and Discussion.

A. References:

1.. Report of Committee II, Permissible-Dose for Internal

Radiation (1959)

2. Radium and Messothorium Poisoning and Dosimetry and Instru-
mentation in Technique Applied Radioactivity, MIT- 9.52 -1 (1964).

3. Diagnosis and Treatment of Radioactive, International
AEA (1963).

B. Diticussion:
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RADIUM IN MAN
A

1. While the ex:=, Ids of radium were recognized almost, immediately
after its 1st: 898, it was not until 1924 that the toxicity of

, internally dept, .um was realized.
it

Somewhere between 1914 and 1917, radium dial Painting began in varioub
locations throughout the world. One plant alone in New Jersey employed
800 girls between 1917 and 1925. These girls 'used to make a fine point ,
on the brush, often by dipping the brush in the paint and drawing it
between the lips.' Then they would "point" rather than brush the radium
on the dials. This necessitated repeated entry of the radidiladen
brush into the mouth, resulting in considerable ingestion of radium.
Some of the girls even painted their lips, hair, and nails with the
luminous material so that they would shine in the dark.

During the years 1922 to,j1924, nine dial painting girls died' with severe
and unexplained anemia and destructive lesions-of the jaw bone and mouth.
In 1924 an article'appeared in the Journal of the American Dental Associa-,
tion concerning the case of a girl who. had osteomyelitis of the jaw., The
author mentioned in a footnote that there was a possible causative con-
nection between the girl's pathologic condition and radium dial painting.''
Almost simultaneously several other reports bearing on this possible

relationship appeared in both.the Journal of the kmericanDentaliAssocia-
tion and the JOurnal of the American Medical Association.

Both the lay public and factory officials became concerned as more and
more cases of radium toxicity Were reported. A complete and thorough
investigation clearly established the causative agent to be radium.
Protective steps were then taken (gloves, hoods,,roptine blood counts,
etc.) in order to minimize further occupational Aposure-to this material.
However, by this time, thousands of individuals throughout the world
'(mostly young girls) had been iffolved in radium dial painting, 110 the
long-term effects of this exposU5-e are still being observed today.

In addition to Radium-226, the luminous, paint that was used owthe east
coast of the United States contained varying amounts Of mesothorium
(radiu61-228, half-life 6.7 years) and radiothorium (thorium-228, half-life-
1.9 years). The art of making this paint belonged primarily'to one
individual, Dr. Fontesharke, who was very secretive about the ingredients
and their amounts. Recause of this, it is difficult to retrospectively
estimate the initial body burdens (amount of radium in the body) of the
dial painters, since most of the activity of radium-22,8 and all of the
initial activity of thorium-228 has decayed. However, Et.body burden of
same of the early diaLpainting casesof up to 200 microcuries has been
postulated..
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In 1931, 32 mental patients of the Elgin State Hospital, Elgin 'Illinois-%

received weekly intravenous injections of 10 micrOcuries of radium-,?26,

up to a maximum of 45 weeks for the purpose of Comprehensive Measurement-

of radium retention.. These individuals have beenrfollowed up to the

present time, and have provided important information concerning radium -

, retention in man.

Recently, a house occupied by a radium chemist and his family from about

1919 to 1950 was found to.be contaminated with radium-226. The basement

of the house was used as a radium laboratory. From 1:950 to 1964 the

house was sold twice, and a total of 22 residents of the house Once 1919,

17 have been studied. It is of interest to note that after the house was

sold in 1950, none of the adults or-children have acquired a medically

significant skeletal deposit radium, even though some of the individuals

lived in this highly contaminated environment for as long as 10 years.,,

Up until 1932, the ingestion or injection of'radium was an accepted medical

practice. Additionally, patent medAcinea containing radium were sold to the

public. As the harmful effects of internally deposited radium became better

known, its medical use as a general panacea for illness ceased, until today

it is used almost exclusively in sealed forms for its gamma radiation only.

The early experience with internal radium deposition was not without value,

for maximum permissible body burdens of radionuclides which localiZe in

bone have been determined from a direct comparison with radium-226.

2. Absorption, Distribution and Execretion of Redium in the Body.

Early radium studies disclosed several basic facts:

a. Most of the radium which is taken up by the organisb is excreted

. within a few,days following administration and only a small portion

remains for a very long tithe.

b. The excretion takes place mostly in the feces and only a small

'portion is excreted in the urine.

c. Because radium is chemically similar tp calcium and is therefore .

° metabolized in much the same way, the fraction of radium remaining

in the organism is almost entirely deposited in bone.

4a;

d. Most of the radon, the first daughter product of radium; is exhaled

through the lungs..

Although radium and calcium are handled kimilarly,in the body, there exists

a discrimination against radium and in favor_ of calcium in the orption

process. The degree of discrimination depends upon many factors, eluding

solubility, particle size, and'other material ingested with the radibI,

particularly the number of calcium ions available for competition. Es

mates of the magnitude of discrimination against'radium in the absorpti

process vary from 4 to 10 for man.,
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FediaWing an intraverpus injection:of radium, the plasma concentration
continually falls as a function oe time. Since radiumis incorporated
in newly-formed bone mineralAt the same concentration (radium to calcium)
as it existd).n the blood, mineral formed shortly after a dose'of radium
is administered will have a higher specifid activity than mineral formed
.later: These localized high leveld of activity have been termed "hot-

.
spots.'
gi

,
e.

,
.

Tne initial site of radium deposition occurs in what is known as an b teon,
or,localized\area of . ne which surrounds 4)-nutrient canal: The bo
cells lay dosin. the . cium or eadium in layers from the periphery in ards,

:''in onion-like fai .the'oldest radium or.calcium being deposited on -

the outermost layers. As the concentraon of radium decreaselip the .

'blood, fewer radium atoms are available fOr incorporation in n osteoni,
and these then give the appearance of a diffuse distribution bf rEidiu
throughout the bone. .

,Radium can also undergo'irue diffusion in bone, in two wairs.4 The calcium
(or radium) enters the osteon in a water phabe during the early formation,
of bone mineral. At thilotage dr>the formation of bone an exchange pro
cess can occur whereby gallium can be replaced by cdleium. Later, as
water is replaced by mineral salts, further exchange of this kind ceases,
However, late diffusion can occur phrough the action of osteoclasts,
which resorb bone mineral, releasing radium and calcium ions into the
bloodstream', wftere they once main bAome available for incorporation into
newly forming osteons. ,By the process of exchange, 'pen, radium from
initial hot spots can become diffuse throughout bone. Experimental evi-
dedce has indicated that the diffuse radium activity is one-half of the
total radium activity in bone. .

Because the Elgin State Hospital patients received known doses of radium
intravenously, it is possible to make several interesting calculations.
For example, it was noted that weekly intravenous injections of 10 micro-
curies'of radium gave an average terminatcdneentration of 14 picocuries
per milligram of bone. Therefore the intravenous intake rate for any
other measured terminal concentration can be estimated.

As indicated Weviously,. the diffuse bone r adium activity is.,dependent

upon the total radium content in bone, with approximately half of the
total radium activity foUnd in a diffuse distribution. However, the
maximum hotspot activity (pc /mg of bone) is dependent fly upon the
radium-to-calcium ratio in blood at the time of formation of the bone
mineral. As the total length of the expodure increases the diffuse
activity -also,increase, thereby causing a lower hotspot-to-diffuse
ratio'than a short exposure. For example, the hotspot-to-diffuse ratio
for manly radium dial painters (long exposure) was found to bssapprdxi,
mately -40, .while the hOt-to-diffuse ratio of an Elgin State Hospital
patienttwho received only 7 weekly injections was found to be 263.
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Finally, if an ingestion discrimination factor of 4 to 10 is assumed, and

-- if the ratio of hot.siSot-to-diffuse activity is 40( indicating chronic'

. exposure, and if the hotspot was observed to have an activity of 42 pc /nig,
we can retrospectively estimate that the individual ingested:120 to 300
microcuries per week of radium.over a prolonged period of time.,

Approximately 95 to 98 percent of radium excretion is by the feces,
whereas 2 to 5 percent of the excretion is in the.urine. The actual -0.52
excretion of radium can be described by the power function Rt = 6.54t
where Rt equals amount of radium retained after time t, and t equals time

- ,it days'after injection.

Therefore, one day following injection the body retains about 60 percent
of the total amount that[is injected; after 1 week about 20 percent is
:retained; after 1 month"about 9 percent is retained; and after 1 year
about 2,5 percent is retained. At the end of 30-yeari, about 0.4'percent
of the amount of. radium is still retained. 7

It is estimdted that once radium is incorporated into bone material, it
has an effective half -life of 45-50 years.

3, Effects' of Radium, in the pdy.

Acilte doses of radium which fix large quantiies (10-200 microcuries) in
the skeleton lead to 'a short end fatal course, the manifestations of
which may be leukopenia, secondary anemia, extensive hyperplasig of bope
sarrow, pathological changes in kidney and other soft tissues necrosis

bf.tone, loosening of teeth; chronic infection, weaknest and death.

:The long-term effects of lower doses are more subtle in appearance and
may. take,years to become apparent. Assuiing that 65,percent of the radium -

226 daughter product, radon, it,exhaled through the 'lungs the total'energy

deposited in the skeleton'per disintegration of radium-2g plus 35 percent
of itt ;laughter produdts is 11 MEV,,Mostly in the fonn'of alpha particles,'

which have a high linear energy transfer. It has been determined that

6.1'microcurie of radium in bone will give a local dose of 0.6 rem/week.
However, there are hotspot of from 80 t'o 266 times the activity of the ..

diffuse distribution of radium. Because of this,,body burdens of greater

than 0.1 microcurie of radium can cause scarring and. consequential
decrease in the lumen of the vascular vesseld.of the bones, resulting in
decrease of. nutrients to those rea's of the bone. When this occurs, the

osteoclastaresorb the bone mineral, leaving a llow area of necrosis.
. In thecase of long bones, this will increaseTt e incidence of fractUres.

One study has also indicated chromosome changes in-the form of numerical
as well as structural aberrations.. In some patients, there,was an increase
tekbnd control values in the ftequency of cells not having the normal
Chromosome numbei of 46, while,structura],aberrations consisted of chro-
mosome fragments, deletions and translocatIona. This study'included
patients with body burdens of from less than 6.1 microcurie to 1.96
mlcrocnrieg, although no significant number of cells with Othictural

_,defects were observed in'patient4 with body turdens,of 0.1 microcurie

*,.

f
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Since ionizing radiation is a carcinogen, it 'is not surprising that a high
incidence of osteogenic sarcoma has been found in.patients with body
burdens greater than 1.5,microcuries of radium-226, and the development
of bone tumors many-years after .exposure has beef; the,principal hazard

to the dial painters and to patientsygiven large medical doses of radium
in unsealed forms.-

4. Body Burden Determinations.

Since some-of the radium daugliters are gamma emitters, it is possible to .

assess the body'burden by the use of a whole-body counter, employing
sodium - iodide scintillation crystalL

.,
. .

,..

-

A second method estimates body burden by 'correlation with radon exhaled
as shown le1ow. We know that 1 mlcrocurie of radium- 226 - produces
?. 10°22 x atoms of Rn/min.

,

Activity = AN . ,

Activity = 2.22 x 106-atoms 'of Rn ' 0.623 day X1440 minute
Minutes -3.825 day

,

2.22 dpm/pj.cocnries

:
.

= 126'picocuiies of radog produced each minute
),

'4%ereforel if there is a body burden of.1.0 microcurie, and 65 percent
'of radon produced is lost in the breath, then 82 picocuries of radon are,
exhaled in the breath each, minute. If the average' man exhales 7 liters/
minute, then . , . -.

, ' '

82 picocuries/minute
: 11.7 picocUries of radon liters of

7 liters/minute -
/

breath; .

irthe body Nrden is 1.0 microcuries.of radiumv or 1:17 Picaeuries of
radon/liter of breath for each 0.1 microd.urie of radium in the body.

,

5. xaxium Permissibie Body Burden.
I,

NBS Handbook , whieh was published in 1941,'TecomMendedthat the maximum
permissible body burden for"-radium-226,beestalished as 0.1 microcuries.
This remains as ari acceptable value to this day. Thedecisioto use 0,1
microcuries'was based'on t4e observation that osteogenic sarcoma or other
major clinical manifeStations had been fougd in subject's with body
burdens of less than 1.5 microcuries of radium426, and On .ne use of' a 2 '
factor of 10 as -a Margin of safety.

' ',.r.
i

. : .ft

;
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Although tumors have not been observed id persons with body burdens of
radium as low as 0.1 microcurie, the factor of safety tray no be ds large
as 10, since tumors have occurred in persons having a body burden of less
than 1 microcurie at the time the tumor was first deteCted. In all these_

cases, howevet, the original body burden had been greater than thit.
Furthermore, In the case of the radium dial painters, the original dose
was augmented by the addition of mesothorium (Ra-228) in the ingested.

material. At present-day occupational levels, it is estimated that the
maximum permissible' body bUiden would be reached only after 50 years Of

continuous exposure.

6. Inherent Disadvantages of Radium,
. ,

Radium-226, a natura4y.occurring radionuclides found as a daughter product
in the uranium decay series, has a half-life of 1,622 years, As a member

of the aikaline'earth series, radium is chemically similar to calcium,
strontlui, and barium. Therefore, 'if ,it enters `the body, it will probably

. be deposited in the bode where Wmay cause significant biological damage

, because of itsAong effective half -life and alpha decay. These-proPerties

make radium, the most radicitoxic of the oath:manly used'radionuclides.

Radiuth is a brilliant white metal that quickly turns black (nitride) in
. contact with the atmosphere: It behaves like the other alkaline metals,

0 attacking glass oi'Adartz and decomposing water to form an,hydroxide.
Therefore,, the radium used in medicine and indUstry is combined in 'smote
stable form as a chloride, bromide, or sulfate. Meet of the radium proc-

essed in recent years it in the form of the insoluble sulfate. However, 0

in 1533Sayer reported that in a survey of radiuesources in medical: 1

institutions,' 18 percent. of the radium was in the form of a chloride, 26

percent in a bromide form, and 54 percent was in a-sulfate form., The.
remaining 2 percent was radium carbonate or some other compound. These=

salts are hermetically:sealed in 'tubes, needles;.cella, or capsules where

they can be manipulated to produce the desired exposure. ,Sidce these' '

salts are ih the form Qf a fine powder'rupture'of the sealed. container "44:6

will result in the dispersal of-the radium, making recovery and decontamina-,

7tiQn operations'difficat. Because radium-226 has a 3622 -ye aN half-10e)

,decontamination is necessary rather than'iestricting the'irea until the
activity has decayed to acceptable levels, as can be done in similar

ificidFnts with some of the short -lived :radionuclides. T .

,
, .

It should also be' pointed out that the dosage calculations in radiation-
, thetapy.are based'on the assumption that,the radius( is lmiformly distri-

buted throughout the active length of the-source,; *hum salts' are
usually added to the radius salts to fill the container completely,.

.--..

However, Freed and co-authors have observed by autoradiography of radium

needles that these salts may become unevenly packed,*resulting in a cori-
,i. siderable discrepancy in the expected tissue dolie:as calculated from a

' 'uniformly packed Needle., They recommend a peribdic,inspection and
autoradiogPaph of sources used in.therapy.

$

. ,
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' Another characte stic of.ledium is its` complex series decay. .Radium -226
is primarily an al a emitter, as are its daughtersp'radon-222, polo-
nium-218, and poloni -214: The gamma activity that makes radium appli-
cable irk medicine and ustry'comes froarthe beta-gamma decay -of two '

other daughters, lead-21k and bismuth-214. To be an effective gamma
emitter, a radium source must be lealed for, approximately 30 days to allow
its daughter products to reach equilibrium with the radium.' Unfortunately,
internal pressure builds up inside the.sealed source. This 'pressure is
partly caused by'the radon gas (3.28'i 10-3 atmospheres per year for a
1 mg source), the helium buildup from the alpha decay (l.09 atmospheres
per year fora 1 mg source), but pr ily by the generation of hydrogen
and oxygen in the dldsociation of a water present as a result of in-
adequate drying of the.salts before th are sealed in the source. The
pressure from this dissociation has bee estimated to reach'several
hundred atmospheres. Extreme care must exercised in harel]ing Sealed

radium-sources, for there is no way of dete when a source may have
reached the point of failure. Rough handling and heat sterilisation should
be avoided as they may add sufficient external stress to, initiate rupture
or leakage. ,Older sources encapsulated.in-glaiss or fitted with a friction
plug without threads are particularly.usteptible to failure from internal
pressure.

Leaking sources are not .only a.potedtially'severe hea,lth hazard because
of the spreac,t finely divided radium salt-if the hermetic seal fails'
cmpletely in addition, the-sources'iiill not deliver the expected .
gamma dose because the radon daughter products are not in equilibrium

#
with radium. #0.4

'The deCrease in the'cost of rAdium-':Oierthe years has alsocontributed to
unnecessary exposures. Many users,whojurchased radium when the price

..vas inflated are,reluctant to part with the sources at the present low
, price. Therefore, Some,'owners',wbo no longer have a use for radium.have
retained it as, a kind of'raaioeztive "white elephant.:' Sources have
been Stored in such unlikelyplaces as safe deposit boxes.

I

,

'.

,' The tharacteristics,ofradiumjilst degoribedmerely suggest its potential
hazards. Incrder:to'eltaluate public'health aspects, it is necessary to .

, knciw the frequenciarid extent .of 'the :uses of radium.'
. ,..

. . ,--

Cplibration.of 'aLeak-Telse.Procedbre forSealid Radium :Sot
,. -

Object.
; ,... .7,7

To COrrelate survey instrument readings with the amount of radium'.

. plilsAaugliter,!,S, leakage.

:,

:a,

C.)
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b. /Nt;Oduction,
.

,There are many leak_test_procedures for sealed radium sources ia.use
today. The majority of these test methods collect the daughter
products of radon.for several hours and this activity is monitored
.mAip a suitable instrument. The test procedure determined the instru-_
Aft that should be used in measuring the amount of radon daughters
collected. In some of the leak tests, the alpha activity is deter-
mined with-an instrument such as theAN/PDR-6b (PAC ISA). Precise
measurements of the leakage can be obtained by the use of an elabo-
ratelabbratory instrument for detecting radon, but field use of
-this instrumentation isot prac'tical.

c. List of Equipment.

6 calibrated`radium sources with activity of .0.001 uc - 0.15 uc.

6 jarsforconductirig the teat.
L.,-

alpha survey meter.

d., Procedure.

(1)
.

Day 1 - The irst ,step is to prepare the radium sourceiito'be
used. A stock solution with a concentration of:2 u grata /ml

is used for the sample preparation. The solution is calibrated
and the volume needed for each sample determined. A micro -_'

pipette is then used to remove the liquidcfrom the container
and place it on a 2-inch planchet., The sample is "then dried and
standardized in an internal proportional counting instumeat.

(2) The radium sources are then placed in the test, ar for 24 hours.
4

. .

k

. (3) Day 2 - The activity on each jar lid,is-measured with the alpha
survey meter at the end of the 24-hame test period. A reading .

'is also made of the alpha gheck source, if one is available.
This Will allow one to check the operatiOn of the instrument
prior to each survey. If there is a significant change in the

,: .reading of the standard source, a correction factor may be
obtained by dividing the initial reading by the present reading.

AkThis factor must then be multiplied bt thereadinga taken during
the survey. A new calibration should be. made as soon, as possible

because this correction factor is based onlon one point.

(4) The next step is to plot a calibration curve of activity versus
counts 'per minute on linear paper. This curve will provide an

estimate of the radium plus daiiihter1,s leakageyvhen,a reading
.is obtained with, the, survey instrument.

154
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DATA SHEET

Source Number Calibrated Activity Time of Test . Reading obtained
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Student Performance Objectives and Notes:

A. Student Performance Objectives.-

1. State radium usage of concern to the
and the problems encoUntered.in this.

2. Give the characteristics and hazard
usage to include accident control.

radiological safety officer,
usage,

associated with radium

'

State the reasons for detehing radium andgive types of
leakage test which can be performed to detect radium.

4. Givethe-precautions necessary to prechide or reduce...tee\

significance of radium accidents.

B., Notes:

4

1
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III Handouts.

Vu-Graphs used in DF0.80:

J14,; f `"'Co Advantages.

1. No gasecks ildidattdve daughters..

!

:2i Metallic form.,

3. Machined to one desirdd shape.
as ,

4. Less radioto4c.,2 .

5. Does not band up an internal pressure in sealed isonrces:

a

a,

1

1 # 041

B. ProbleaJEndountered with Radium:*

'

1; Storage ,

2. Shielding" .

3. 'Identification and Labeling

Leak Testing Procedure's

%
5. Records and Logs

6, Radiation Protection

C. Acolent Study'I - Percent.Gc6utrence

94 Medical Cases

1. Transfer from storage and assembly - 5%

2. Transfer to treatment room and.application,-1%

1. Patient irradiation - 26%
`

4. Removal and transfer to storage - 55%.

5. Disassembly and transfer to stOrage 11%.

150
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Accident Study 2-, Percent Occurrence.
. ,

1. Truck -=80 cases -.5416'
.

Z. Sewerage System - 13%

3. Floor - 15 cases - 10k

4. Other - 33 cases'. 23%.

E. Reasons for Detecting-Radium

1. If all radon gas escapes - no gamma

'2. Cross - contamination

F.

p

3 Interference with instrumentation

4. Leak-may not get worst = but will not get better'

.Types of Leakage

. 1. Diffusion

2. Expulsion: 011 radon

3. Expulsion of radon daughters

4. ',ExPulsion of ,radium

Other Test for Radium

-1. = Wipe test-or smear test

2. Alpha nstru...ment survey

3. Well insert'

4. .Radon film badge

5.

,

Clbsed sxptem,-\radonplus:daughter retention
, q

- radon daughters only'6.- dibsed ust

,

7. Glass jar

0'
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H. Radium Decay I.

.

GROUP I GROUP II

226Ra __21:2_z__ 77222 a
1

Rn602-Yii

GROUP II ,r

21!11.4
ilaA a RaC P218 2108'9 2140Po 3.05 Bi 19.7 m

''°.1.64 x 101s'

- GROUP IV

210Ra
RaE" A-

nelaG
Rb 21 yrs-

210
Bi 5.01 4

gloRaF"
Po WT7R? Pb

I. Radium Considerations.

GROUP I - Radium - effective half-life - 1602 years

GROUP II - Radon = effectiVe half-life - 3.823 days

I

GROUP III - Primary daughters of radon - effectiye half-life - 26.8 months.

GROUP IV - Secondary daughters of radon - effective half life - 21 years.

J. Precautions.

4 1.! AccOuniability

2. Custodian

3. Adequate storage

4. Rigid coptrol
.

5: Proper,trinsportation

'4

PrOpe' e'secttity

11.

e



ti

t

K. 'Preplanning for Acci ents.

1. Where isotope is used

2.. How isotope is us a

3. Capability of,isol iing contaminated. area

4. Monitoring equipment capability

5. Cleaning equipment vailable

6. What help is avails le

7. Training

IV-. Problems:: None

V. Solutions:, None
if

, 162
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DF.100', SHIELDING OF X AND GAMMA-RADIATION

I. Reference: ST 3-155, paragraph 14.3, 4.6, 14.9, table 4.1; U. S. Army

Ordnance Center and School Pam 25 (bring to class).

II. Student Performance Objectives..

A. Review nature and origin of X-ray,and gamma radiation.

B. Explain production of X-ray and gampia radiation to include

bremsitrahlung and the energy ratio between X-ray And gamma

radiation.

C. Explain, from memor;" and in general- terms, electromagnetic

energy absorption to include the photoerectric 'effect, Compton

effect, and pair production.

D. Define the factors influencing absorption efficiency.

E. Define .and explain linear attenuation coefficients.

F. Define and explain mass attenuation coefficients.

G. Define half-thicliness concept and its relation to the basic

shielding equation.

H. Given Pam 25 as a reference, the radioactive material to be used,
and the type of shielding material, determine half-thickness. '

16.4

164

4

t

-1

4



I

Notes':'

76.

IN

TII. Handouts:' jione

t

I

p
166

JI

41i

oat

.0%
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IV. Problems - Shielding of Xand Gamma Radiation:

Class and Home Study Problems.

?-

. Olik

Complete the following tible:

I\

GAMMA ENERGY
(Mev) SHIELD . 11/P (cm?/gm)

a. .3.6 , 'Lead

b. 0:032 Sandstone (Si02)

c. 0.640 ' Tin

2. Complete tlie,.following liable:

. . i
GAMMA ENERGY ,

. (M4..nr)" , SHIELD' 1141 (cW/gm)

f a. 1.48 Iron

b. 1.13 Copper

..c 0.855 Aluminum

u (cm-1)

3. > A certain X-ray machine produces
energy so,that the total ma

attenuation,coefficient is Q.225 cnn2/grn in copper.

What is the linear attenuation coefficient?

I

6

b. What'is the half=thicknessof the capper to this )-riy?':

16'6

167

.

Sy:



.

.
What is ttie. Jaalf-thickness of uranium for.. gamma radiation
of 1.49 Mev? z

S

. b. 'valat is the ha.lf-thi2kness of lead for gamma radiationof
1.22 wiz? ,

..

Q What is the Yalf-thickness of concrete for, X-ray radiation
of 0.038 Mev (for density use worst case inyolving siliceous'
'conciete)?

.1

167
168

\
0



=o

a.

4

.Find the haif-thicknes's values for carbon and air when subjectea'
b.tire gamma radlition for each of the following isotopes. (Density

air 0.0013 grhicm3,and density of carbon 2.25 gm/cm3;)

o.
51

Cr

c.

.1

e
131

Caefzron,
.

Air
,

t

. .

.

P/P Os Xi
5

../p. 4
. ,

Xl

. -- &
.

.

.

.

.

.
..

.

,

.

,

.

.

.

_

s

.

s .

.
.

: ..
. -

.

. ,

. ,
.

.

-,--

.4..

. .

2

.
.

tt

O

. .

168
169
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r

7

,

,

S

6' What is the half-thickness of copper for gamma radiatibn from

'' 3:131Sn?

er

4

4

c I
1'

'7, .s ,
O AS- :7

r
71

t

,

' tO
, ''

4. 'i t ; - '; i
, tt i

S t
\ri.c-'

. ; ...... l 4,

f. '4. -c,,7
C

I

is ' $
1i f/ to :

!, 7

: I

b i d ;,, '
1 '

$

.69
170

, b



7. What is the -half-thickness
of aluminum 'f'or the gamma 'radia-tion. from-mil?

What

. , /

4

6,0

.
woulri be the Half-thickness of capper in 'part a ?'

4

170
,

171

.
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-.

E

. The- basic. shielding equ4ion is R = R o-'lx_ . If a thickness
4,

of 12 cm is-,used and .ux 'is equal to 7.2, what is the of

I

v

I , .

..

1

c

,

-.........,

f

I - (

172

, -

P

IN



V. Solutions to Problems.

.

. .

1. GAMMA ENERGY

(Mev)

a. 3.6

b. 0.032

c. 0.640

SHIELD

Lead

Sandstone (Si02)

Tin

2. GAMMA ENERGY
(Mev) SHIM)

a. 1.48

b 1.13

0:855

3. a.

P./P (cm2/gm)

0.0417

0.78-0

0.0787

m/p (cm2/gm)

Iron 0_0493

Copper 0.0561

Aluminum 0.0665

Linear attenuation coefficient - 2.012.
A

0.225 x 8.92 = 2.01150

b. fhe half-thickness of the copper is 0.344 crn.,

,. .

0.693 a.693 _Xi 0.344 crn
i::: a 11 2.012

4. a. (1) E = 1.49

(2) p/p for uranium (page 138, Pam 25)
4.

1 Mev = 0.0776
1.5* Mev = 0.0548

0.0228 x
50

=0.0223

0.0776
0.0223

0.0553 = m/p for 1.4'9 Mev

0 for uranium = 18.6£3 gm/cm3

m = m/p x o
1.1 0.0553 x 18.68
u l

033 172
173

0.387

0.502

0.179

1.



, .

,

1
t 1,

p 9'

.., ,
,i, S

0.693 0.693 0.671 cm.
2 4 1.033 .

b. (1) E =

(3)

(4)

45

for uranitun (pale 138) de.

Mev = 0.0708
Mev =0.05r ".

o.0191 c 25 0.0084

1.22
-1.00
0.22

0 :22. 11-
0.50 25

ft

0.0708
-0.0084

,

0,0624 = for 1.22 Mev absorbed in Pb.

p" for lead = 11.35

11/P :x P

.p. = 0.0624 x 11.35 = 0.708

-(5) X1 = o.693 - = 0.693
0.708

X1 = 0.979 cm
2

c. (1) E = 38 Key.

1

,

(2,) ti7p for concrete. 30 Key = 1.190,
140 Key = 0.60

38 Key , 0.585 x,
2 , 30 Key - 8 = i

8 to F.

1.190
0.468
0.722 -; cdp for concrete a-C*38 nv.

(a) p for concrete 2.25 gm /cm -1



C.

:0

48v

b 51Cr

c .
3'

,
d. 9 0Sr

e.
.

131

!

f '

e

1

(4)

(5)' xi

=

=
. ,

=

'

E.1/d P

.0.722 x 2.25 ,

1.625 cm,
1

0.693' 0,693
, 0.426 cm

E

2.241
(3%)

" Carbon .. Air
s ,

11/0

.0.0424

a. E-of 11n = 0.255

4 , xi P

0:9954 7.27 cm 0.01 15

': .2.94 cm 0.1047

0.118, 389 crly( .0787

b 4/0 = 200 ;-- .157
300 .112

..157

.025
1

1100 :045vX = '.025 .13220

1.1/p 0:132

C. c gm/cm3

1
." 175

0.000054

0.00013

:3

104

5.1 x
_103



I

,

AM.

,

P '= .4/A x A

=" 0.132 X8.94

= 1.18

X1
4 1.18

Xr = .587 cm'
2

7. ) E = 0.635

(2) tJp 30 Key
40 Key
10

=
0.693 0a693

tt,

4/p = 0.8/13

= 1.120
=.* 0.567

= 77

1'.120
0.277

.0.553 x 0.843

(3)

(4)

A

2

=

=,

.0.693

2.699 or' 2.7 gm/cm3
...

x p = 2.28
0.693

11 2.28

xi = 0.304 cm
0,

(1)- = 0.035
t'

(2). p/p e 30 Key
Kev s =

10

= 7.895

10.90*
4,.89_
6.1 x

. ,

(3)

t4)

(5)

µ

Xi

XI

=

=

=

=

8.94'gm. /cm3,

µIA x =1.7.895

70:8

0,6.93 6.693
"P 7758

0.009'6i cm

176

1 :

= 3:005

10.90
'3.005

7.895
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8 4x = 7.2

= 12 cm
. .

4 (12 cm) = 7.2

7.2 o.6 cm-1= 12 cm

R = 0.6 cia1

l 4

4

O

a

176
177:

a

4

S

0
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.

DF110, BASICS OF,RADIATION DETECTION
P o

*

iro I. efereme: ST 3:.155, paragraph 3,4, 4.1-11.3,. 4.5-4.8, ch 8,

,,

II. Lesson GNectives and Notes:
, t

.
.

. ,

. ..
A Five prin4Dles of radiation. detection.,

e,
. . !

Application of these principles -to Radiad instruments.

,

0

04

0

178
178

ft



.4

t

a

COMPU.TATIONAL PROCEDIMES
N PHYSICAL SCIENCES

No

0

Ib

I



0 Rotes:.

/

F.

III. Handouts: EW1 10 Nomenclature Interpretation.

.,IV. Problems: None. °

V. Solutiont: None.

Aar

18-0

180

11.

f
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RADIACMETTR NOMENCLATURE INTERPRETAMI

Letters before

2. First Letter after

4

3. Second Letter after

Third Letter after

5.. Letter after.

6. Amber after

7. Letter ,after number

) AN Army Navy Set,

Mobile

P . Portable or Pack

T Ground Transportable

U General-Utility (Airborne,
Shipboard, Ground)

D Radiac

F Photographic

H Recording

-:----km Mainter)ance andTesting

T Training

Model number

Modification (First, Sepond,
4 6qtc}

.0b COMPONENT INDICATORS

1. Letter CY
-----

Cases

0
IM 4', Intensity Measuring Device

ma Miscellaneous

PP Power Supply'

TS Tes lquipment

rx
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DF130, COMPUTATIONAL PROCEDURES IN PHYSICAL SCIENCESt

I. Reference: None

' II. Lesson Plan Outline.: None

liando,,ts: None

IV. Problems: Class and Home Study Problems

o

^ I.

a

a .

182.
182

//,
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:a

1. oFor the following elements, how manyprotOns and neutrons are

present?

60
a. 27Co

Protons

1

Neutrons

b.
238

U
92

c.

Protons

Neutrons

.208pb
82

Protons

Neutrons

p

2. 'Forilements listed in problem 1, how many electrons must be

preibnt for the atom to be electrically neutral?

.a.

I2

- C.

-?J

z

Calculate the (0 value for the following reaction:

9 I

17N 17
F

7N
n +

0 -

4
183

18s
Sf

Ati



1 .

A

4. For shielding purposes what gamma energy should be considered for

71
a.

33
As?

C.

13019

53.

129Te9
52

(

11
d, eg?

ti

t

Pt

:1.84
184



,.

%Iv

5. If 140 ergs of energy were absorbed in 9 gms of tissue, what amount
of r,..diation was present to cause'thi"S damage?

A

What is the mass attenuation coefficient of a

a. .1 Mev y in copper?

b. 2 Mev y in iron?

0. 1.5 Mev y in ' .

, .

7.' What are the linear attenuation coeffickentS for each of the conditions
in problem 6?

v.



:of

4

8. what is toe half-thickness of each of.the material's listed in +

problem 6?

9. If a sampleof radioactive material decays at a rate.of 7.2-x,10
10'

disintegrations per second, how many curies .doOt this represent?

How many micr$curies?

. *

10. If doses of the following radiations art received, what is the total

biological damage?

3 rad of beta
4 roentgep of gamma
0.5 rad-of fast neutron/.
'0.25-rad of slow neutron

1

1

4) A

1

004

, ; ^

4

4
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'V

r ,

O

11. ,What are the half -lives of the following?

'
%

a. 'Co
'

o

IV .119,9t;

1
/

L
.

245.
.C.

94?11

's c"/ d.
181w

I 74 , ,
r .

,,. *
.

. ,,'
12. Whet ,is the penetration of,a 5 Mev beta 'partic1e in silver?

,

.s

a
0*

13. A man works 5 meters from a radioactiVe source which, has a source
strength of 2.5 rhm, for 45 minutes. What dose should he receive?

A c.

A

1 :87

187



14. A radioactive sample of
61

Clu, havingta dose rate of 040 mrad /hr at
l'nneter, has just...arrived. When will the dose rate -of this sample
be down to 320 mrad /hr at 1 meter ?

I

-

a. What are the daughter products when the following nuclides decay ?.

(1) 4Cu

, 0

P

,

21
(3).

2
i9Ac



b.
i

/
Balarice the following reactions.

/ 7(1)/ Li (d,n) 4Be

r

A

I

i

4

-(2 ) 33s (n, :?) 3p

62Ni 63Ni

( ) ?- (n,') 78As
33

.

'-1

i,

ft



.
. ',, ""aft.

,..

.. ,

16'. If 6 esu of charge was generated by radiation'in a volume of 24 cc

of air, what expdsure dose of radiation was present?
.e.

L

1

t

00'

.J t

a,

.$ .

a
. A

I

190
190

+.0

#

A

i

-,5

.

1
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c *

17. You as Radiological Safety Officer have been asked to check a'

package to ship 1 Ci of
18t

has a source strength of '0.509

rhm. To ship this package, the reading at the surface must not
__,exceed 200

7
riladjhr and t one meter from surface must not exceed

/

10 mrad/hr. How much lead would be required to ship this package
the packaged-is-1 Tneter _

4

4



18. a. 'What thickness of beryllium would be required to stop -the beta

particle§ fropi a 59:8 rhm'source of 95Zr in equilibrium *th

its daughter product 9 5Nb?

'b.: What is the unshielded dose rate 30'cm from the source?

(

A

;.

192
.192



so

1 a. It takes a-medical technologist 3 minutes to prepare a 1.5 rhm
radioisotope for injection in a patieht. During the prepara-
tion time the techaologiit is 1 meter from the s ce with
no shielding. What dose does he receive?

b. The technologist also must take the prepared injection to the
patient's'ioom. It takes him 5 minutes to transport the in-:
jection during which time the source is 2 meters away from
him. What dose does he receive during this operation?

193
193

4

r
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V

20. a. The radioactivity of a nuclide decreased by 40% in 45 minutes.

What is this nuclide's halt-life?
_ .

b. How long,vill it take for 75% of the activity to be dissipated?

-x

194,
.194

6



V. olutiorts.

1. In the A-Z notation PAX" = nuiaber of protons, 'and =ibex.' ofZ
neutrons = A.Z.

Co
60

a.
27

. Protons :

Neutrons :

238
b. 92U

Protons:

Neutrons:.

208Pb
c.

82

Protons :

Neutrons

27

60

238

82

208

- 27

- 92

- 82

,=

=

=

33

146
=_-

126

2. for an at to be electrically ,neutral, it must have as, many electrons
as" protong; therefore ,

a.' 27'

b.' '92

8,2



al

.3.
1

+
1
n +

3.F
4-

7

9 .,

'Obtain mass from page 51, Pam 25.

, tril 14.003P74arau

a-

4.

o
n - 1:008665 amu

4 4.002603 amu 17.0020 amu

* 2
He

, 17
F 5

18.005677 amu' 9 18.0107b61 amu

*NOTE:' The mass of 2He is used rather than the mass of 2 to make the14

electron masses balance across the equation.

k........Determine Mass -Defect.

18.010761
-18.005077
0.005084 amu-

0.005084.amu,x 931.48 Mev/amu = 4.735644Mev. Since'the mass of

the product is greater than, the mass of the reactants the reaction

required energy to be added to mace the reaction proceed. As the

original equation was written this energy term is then negative.

4. a.
71
As has the following gammas (page 256, Pam 25):

El = ,0:511 Mev

E
2

= 0.175 Mev

Use the,most energetic gamma;or 0.511 Mev.

b. 130I has the following gammas (page 298,. Pam 25):

4

E
1

= 0.419 Mev

E
2

= -0.538 Mey

E
3

0.669 Mev

E
4

= 0.743 Mev

E
5

1.15 Mev

Use the most energetic gamma or 1.15_Mev.- --r-- -,

196
196

t
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c.
12

9
.

Te has the following gammas (page 296, Pam 25):
s

E
1

= 1.08 Mev- (1.5%).-

E;2 0.8l
/

*2
0.al Mev (0.5t)

1:114.1,-.455 Yev (151)

EL = 0.027 Key (195)

E, = 0.275 Melt .(1.7%)

Use the most energetic gamma which occurs 3; or greater - 0.455 Mev.

d. 11 lAg
has.the following gammas (page 282, Pam 25):

E = 0.342 Mev

-2
= 0.21+7 Mev

Use the most energetic gamma or 0.342 Mev.

5. 1 rad =
100 ergs

:180. ergs 20 ergs

9 r'e'ams gn: 7

20 ergs/gm ,

,0.2 rad
100 ergi7gm/rad

6. a. = 6.0589 .11n (page 1V, P,m-25).0
:

b,. = 0.0425. cM2/gm (page '138, Pam 25)
P

P

C.,
w.

= 0.050cm2/gm (page 137, PaM 25)
0

7. a. 0 = 8%94 gm/cM3 for opper (14-65, Pam.25)
.. .

P = i'l x b
0

= (0.0589)(8.94) = 0.527 cm

<7..4

-1

b. P = 7.86 gm/cm3 for iron (page'65, Pam 25) I/
i

u = i.i x o = (m425)(7.86) = 0.334 cm-' ;;

c. P = ?.699 gm/cm3 for alumiptm (page 6,b,04 25)

= R x 0 = (0.050)(2.699) = 0.1 0. cm
-1

P

197
197 ,

4



)

X1/2

a:

b.

c.

-

X
1/2

X
1/2

X
1/2

01'1693

cM for copper_469.3

=

0.527
0.

.6930.334
2- 07 cm iron.

0

0.693

_for

1

5.13 cm for aluminum
0:1 350

9. a. 1 curie = .3:7 x 1010 dis/sec

7.2 x 1010

x 10
10

= 1.95 curieA s

b. 1 curie = .10.
6

-pCi.

,

1.95 x 10
6

1.1.01

10. 3 rad of beta x RBE of 1

4 r of gamma x RBE of 1
,

0.4 rad of fast neutron x RBE of 10

0.25 rad of'slow neutron.x RBE of 5

TOTAL WU

11. a. 0.194 sec (page 249, Pam 25)

b. 38.0 hours (page 291, Pam 25)

c. 10.1 hours (page .373, Pam 25)

d. 140 days (page 336, Pam 25)

12. R = 2550 mg/cm2 (page#123, Pam 25)

r o = 10.50 gm/cm
3 (page 65, Pam 25)

R . 2550 m
cm2 ,

X = = 3 = 0.243 cm
P 10,500 mg em =..=_...==

198
198

= -3rem

4'rem

5 rem

1.25 rem,

= 13:25 remi.'



2.5

(5)2

0.1 rad/hr

=

red
hr

x L5 min

D = .;.:75 raj or 75 mrad
7=-7=

= .980 mrad/hr

32) mrad/hr

an

1 hour

60 min

= 58.5.1;1s (page 252, Pfl.m25) ,

P
o

,gin

c 980
320

n =. 1.7 (2n Table/

n

= nti

t = (1.7)(58.5)

3.06

vs,

1t 99.5 hours ,4 days, 3-f hours

15 a.

,
.

(1)
68

Cu e-,. °. + 68Zn + q (Decays by 0 p 252, Pam 25)29 -1 3P ..

,,,
' 68'or from page-1-4T--Pam----25, you can read directly

30
Zn. 4

8
(2)

1

9
F decays bY

+
97% of the time and EC 3% of the time

(page 235, Pam 25)

18
F e +

18 Q
+9

80 +

18
F

-1

18
+

o
- -*

8
0e

(Jr FT 18om:page,72, Pam 25, you can read dire ctly 510.

199

199

.



21
f (3)

2

89
Ac decays by a (page 365, Pam 25)

-0
2He

+ .2"8":7
2 17 441'21/8&c., 2Fr +

Or from page 83, Pam 25,

fhN 16,
VJ 68Er decays-by EC -{page--326-,---Pam-25)--

you can read directly

165r
+

oe
:-'-'4 5H( + Q

68'1' -1 67 .

Or from page 81, Pad 25, yoU can read

, 6 1 7
b. (1) a

.

+
o
n + 4Be

3

(2) 33S + 1 --0

1p + 33
Q

16 on 1 15

\ (3)
68N1

+ on o
y + 28Ni

+ Q
2

(4) $S Br Er + n
2
He +

33
As +

3 _

16.. 1 r = 1 esu/cc of air
,

. \

6 esu 0.25 esul1r.

f47 cc loc 1 esu /cc

17. QIVEN: S = rhM

FIND R at surfce

d = meter

R
o

= 2036 mrad/hr

d
= 200 mr6.d/hr

0.25 r

217
87Fr.

Ro = 2.036 rad/hr at surface

0.509
Ro = µ/p for .905 Kiev gamma in lead

(.5)c = 0.0797 cm27gm

P = x p = 0.07 x 11.35 = 0.905 cm
-1

Xi
0 =0.693 X

n
2

200

2 00



fi

.
18. a. Beta energles and Tots for 95Zr: (page 393, Pam 25)

.

.1

0..89 Mey.,{-gal
;

0.396 Mev (49%)

0.360 Mev (49%)

Beta energies for 95Nb (page 393, P-am 25)

0.1597 (...100%)

Beta energy (max) = 0.396 Mev

R = 113 mg/cm2

.00

P gm/cm3 x 1000 rngm/gm = 18.00 mg/cm3
12 113 -2

=
1800 - 6.28 x 10 ,cm

b, 'Source strength:

GIVEN: S = 59.8 rhrri

S '59.8 = 665 raft /hrRo d2 (0.3)2

19. a. Ro = --2

1.5 rhm = 1.5 tad /hrRo = 7-172-

= R,x T

D ".7; 1.5:rad/hr x 3
60.'

4. 5D
60

0.075 rad

D = 75 mrad

'2J1
201
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b. R.13 = S /d2

I.5 rhmRo =
(2)

D = RxT

1.5
4

de

D = 0.375 rad/hr x 5
60

D = 0.03125 rad_

D = 31.25 mrad

- 0.375 rid/hr

.0*

20. Ro = Ro

R s Ro - 0.4 limo at 0.6 Ro

.

t 45 min

m ?

R
o

R
o =

1 - 1.667

R o.6 Ro "67

n 0.7

0.7
t 45 min 64.3 minutes,
n

b. Ro = Ro

Ro - ,0.75 Ro 0.25 Ro

t = ?

"ti = 64.3 min

Ro 1- = 4
o.25 Ro 0.25

Ro
213 = R '
n. = 2

t nti = (2)(64.3 min) . 128.6 minute:

202
202
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. Lesson Objecti -s and Notes:

A. Di cussion of purpose of radiation dosimetry; types,of dosimeters,
the iy, maintenance and calculations for ion chamber dolimeters.

B.r- Charging procedures for ion chambeedosimeters.

Theory, operation, functioning and employment of ion.chamber,
area radiological survey meters.

the operation, use and maintenance of the AW/PDR-27
Set.

204
203
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1. Film,badg

'J

dosimeter

a. Principle of detection

1.4

b. Composition
a

c. Film badge service

2. Standard Ionization ChaikprDosimeters

a. Principle pf operation

b. General characteristics'
IM93( )/UD IM147 /.PD IM9( )/PD

Range a .-

Use .

,

Basis of issue
Leakage rate

2/Platoon ,lif:Aividipe 1/Individual
12 Rad/24'hr i Rid/24' 4 Mrad/24 hr

Accuracy +10% +10% +10%
Radiation detected Residual Residual Residual

gamma gamma . gamma
Me ures Total dose Total dose- Total dose

.. ..'

c. Cperator maintenance

(1) Cleaning

(2) Decontaminating

(3) Maintaining charge

(4) Checking leakage rate

_3. Radiac Detector Charger, PP1578A/PD

a. Use

2 05
204

f



b. Components,

c. Charging procedure

-

d. Maintenance

(1) Cleaning

(2) Testing

4. Correction Factor

CF Actual dose
Scale reading

5. Ionization chamber dose rate instruments

a. .Principle of 'operation

.b. Radiacmeter, IM- 174 /PD

(1) Characteristics

(a) Use

(b) Measures

(c) Status.

(d) Battery life

(e) Accuracy

(2) Operating controls

(a) Zero control'

(b) Check switch

1. Zero

2. Check

2. Read

Elec cal

Linearity

2'06
205.
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(3). Operating procedure

(4) Maintenance

c. Radiacmeter, 1M-17401%

(1) Characteristics

(a) Use

(b) Measures

(c) Status

(d) Battery life

(6) Accuracy

(2)- Operating controls

(a) Off-set control

(b) Check switch

(3) .Operating procedure.

(4) Maintenance.

207
206
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6. Geiger-Mueller instruments

a. Principle of operation

b. Radiac Set, AN/RDB727( )

(1) Components

(2) Radiacmeter, IM-141

(a) Use

(b) Measured

(c) Detects

(d) Range

(s) Battery life

(f) Status

(3). piployment

(4) Maintenance

(5) Cirbuit check

10't *
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7. Practice problems..

1. A soldier has no dosimeter charger, bUt enters a cohtaminated'
area with a *dosimeter which read 35 rad when issued to }dim.

What dosage did he-receive if his dosimeter (correction faitor
1.05) read 90 rad when he left the contaminated area?

ANSWER

2 What would 1.e the dose recorded on do IM-93 dosimeter if it
weie charted to zero and then txposed,for 24 minutes at a'
distance of 50 centimeters from a 180-rhm'sourCe? Correction
factor - 1.00.

ANSWER

A dosimeter has a correction factor of 0.90. If the dosimeter
indicates a dose of 85"rad, what is-the actual dose absorbed?

ANSWER

209
ZD8 .
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4. A dosimeter indicates- 110 mrad when it is known that the

actual absorbed dose is 120 mrad.

a. What is the correction factor for this dosimeter?

ANSWER

b. The accuracy should be 10%. Should the dosimeter be

'turned in for..disposal?

ANSWER

5. do sime ter (Correction' factor 1.2) when plated 1 meter
from' an unknown source for 24 minutes' readS 83 mrad. What

is the strength of the:sourCe in mrhm?

,,ANSWER

209
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8. Solutions to practice problems.

* 1. Total Dostl. (SOS) Final Reading - initial Reading

- X) rad - 35 rad ,

55 rad on dosimeter.

b: D = CF SR

D = 1. 5" x 55

D - 7.75 rad

0

d.

ll

(0180

rhm 24
x co- hr 288 rad

.5 m)

or, using R =
S2

and D' = R x T
d

. 180 rhm2
720 r /hr

(0.5 m)

24
- -720 rad/hr, x ;5 hr = 288 rad

3. D =. CP x

D , 0.90 x 8') rad 76.5 rad

D
a. (V

12(.) mrau
-. 1.09,

311v mrad

b. I) - a4t = 10 mrad

10
(3.08 or 8%. NO

211
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5. SR D

83 mrad. x 1.2 = 99.6 mrad

S 7, x d
2

S = 99.6 mrad x hr x (1 m)2

2A6Cmrhm

or, using R 1r and S -R x d2 ,
D

60
R 7 99.6 mrad x hr

R 249 mrad /Hr

S .,249 mrad/hr x (1111)

S = 249 mrhm

tta

2

212
211'
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LABORATORY EXERCISE GEIGER -MUEbLE;11 INSTRUMENTS
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II. Laboratory Exercise.

A. The class will bedivided into groups of two. Ip each group one
man, will take the readings and the other will record data. The

members of each oup will change duties during the exercise in
order that each rson will have a chance to monitor with the

instrument.

B. In the laboratory there, are pieces of contaminated equipment in

plastic bags, Each bag ,s lettered. The item in each bag MAY
e contaminated with lAta°,:or beta and gamma emitters:

*

C. Each group will monitor the bags to determine which equipment is
contaminated; and if con aminated, determine the kind of radiation
being emitted. Indicate your answer by placing a check (v() in

the proper column of the date sheet,

D. Safety regulations.

1. Handle the plastic bags only by the edges.

.

2. 'Inform the instructor if you-find a rit, or tear in any of

the plastic bags.

3. After completing the exercise, the instrument ma in each

group will monitor the hands and the soles of th shoes of I -'

the other man in tiffs group. He will then turn e instru-

Jnent, over to the man whO will monitor him in th same manne44.,,

If ANY readings higher than the background are btained,

.immediately inform t'he, instructor.

214
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DATA._

DATA SHEET - GM INSTRUMENTS

Article
by

Letter
---.,

Type pf
Contamination

B B & G NONE

.A--

...

..

D

E

F

G

H

I
f

J

K
,

'L

N
O,
P

. ,

Q .

B

.

"S .

---.--

,

,.-

T
.

I .
,..

214-
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Questions. Circle the ietter(s) corresponcling to /the correct answer(s).

, The radiacmeter IM-141 of the AN/PDE-21(0-radiac_se'
'measures gamma radiation on four scales. They are

A. .64 mrad/hr.

B. 0-10 mrad/hr.

C, 0-10Q mrad/hr.

Di 0-5 mrad/hr.

E. 0.50 mrad/hr.

F. 0-40 Mrad/hr.

G. 0-0.5 rad/hr.

.4

./p

2. /Whet types of radiation are detected or measured by the
/ IM-141 radiacmeter of the AN/PDE-27(J) radipc set?,'-'

A. Alpha
.

B. Beta

C. Ultraviolet

b: Gamma

E. Neutrons

3. You are monitors a.pistol belt in a 0.1 mrad/hr background
area. With e probe shield open you,read 4 mrad/hr, with
it closed y reed 0.1 mrad/hr. You conclude that the pistol
belt is. '

A. contaminated with beta and gamma emitters.

B. contaminated with beta emitters only..

C. cpntdminated with gamma emitters only.

D. probably not contaminated.

21.6.
215
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4. The main reason a GM radiacmeter of the AN/PDR- radiac
set is more sensitive than the IM-174/PD IC meter is that --

A. it uses electrical collection of ions principle

B. it has better construction

C. it makes use of gas amplification

. D. it has thinner detector tubes

E. it detects beta radiation

5. You are monitoring a helmet in a 0.1 mrad/hr background area.
With 'alp shield on the probe.open the outside reads 4.5 mrad/hr
and ti4 insiderreads 3 mrad/hr; with ;the shield closed the ouy-
side and inside read 3,mrad/hr. ,FroM this you conclude that.

the outside is --

A. contaminated with beta and gamma emitters

B. 'contaminated with beta emitters only

C. contaminated 'with alpha emitters only-
.

D. probably not contaminated

6. You are monitoring a pistol belt the same area. With
probe shield open you read 3 d/hr, with it closed you
read 1 mraa/hr., You conclude that the pistol belt

A, contaminated with beta and gamma emitters

B. contaminated with beta emitters only

-C.* contaminated with gamma emitters only

D. probabl)- not contaminated

ei!

2.17
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0 S

77 You are performing a battery check of the IM-141 radiacmeter
of the AN/PDR-27(J) radiac set. The meter needle stopi to
the left of the B&TT mark on the 101. You should, replace

A4. two batteries

B. one battery
wik

C. three batteries

D. all the b tteries

four eries
.-s

. The IM-141 of the .46iN/PDR-27(J) radiac set is

A. .an Army standard '!A' personnel and equiPment'survey
radiacmeter

B. the Arty standard "B",personnel and equipment survey,
radiacmeter

C. -the Army-standard
114 0

B" area survey radiacmeter

D. the Army standard area survey radiacmeter

9. When using the IM-141 radiacmeter of the AN/PDR-27(J) radiac
set on the 5 mrad/hr scale, the probe should be --

sera

4

A. slanted to the surface b t not, touching the area being
monitored.

B. located in its carrying well at the rear of the AN/PDR-

C. touohing and perpendicular to the surface being monitored
I ,

D. perp4dicular to, .but not touching the, surface being
monitored ,

218'
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DF170 - STANDARDSFORTROTECTION

I. Reference: Title 10, Part 19 and 20, Code of Federal Regulations,
paragraph 19.1-19.31, 20.1-20.5, 20.101-20.207, 20.401 - 20.601,
Appendix B and C (see Appendix I, Radiological Safety Handbook).

.II. Student Performance Objectives:

A. Definition of terms. Give a brief explanation of the following terms:

1. Byproduct. material.

2. Special nuclear material.

3 ,Source material.

h..' Ionizing radiation.

5. Occupational exposure to ionizing radiation.

6. Radiological protection officer..

7. Restricted area.

8. Unrestricted area.

9. Dose.

10. Rad.

11. Rem.

12. RBE.

B. Dose limits and dose recording regulations:

1. Give. a brief explanation of each of the following areas

a. Dosage to minors.

b. Quarterly reporting.

c. Occupational dose.

d. Use of equation 5(n -18).

e.. Calculation of working overall dosage::

f. Permissible level, if an unused backlog is available (3rem/quarter).

.g. No records ufaintained level and why:

1

%.e
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h. Army's record maintenance.

i. Emergency dosage.

j. Medical diagnosis and therapy

2. Fornis used:

a. NRC Form 4.

b. NRC Form 5.

c. DD Form 1141.

3. Importance of particle size and appendix B of 10 CFR 20:

mw
. a. General population restriction. (

b. Radialioriworkers occupation of area.

c. Exceeding the acceptable limits for any type of worker.

4. Dose limitations at edge of restricted area from sealed sources.

'C. Explain the folloWing areas of a radiation safety program:

1. Surveys.

.2: Personnel monitoring.

.3. Caution sign.8.

4. Labels. ,

5. Signals.

6. Instruction to personnel

7. Posting of notices to employees.

8. Proper'storage.

9. Proper waste disposal.

D.. Explain the dose rate 'requirement required) for_radiation and high
radiation areas:

221'
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E. Define the use of the following Signs:

1. Radiation area:
,.<

2. High radiation area.

3. Airborne radioactive area.-

' Radioactive-materials.

F. Give each of the folloWing items required:,

1. Instructiops to personnel using radiation areas (5 items).,

-2. Postigg of notices to employees (4 items).

3:, Reports to'employees (present employees and former employees).

4.: eeperting requirements (3 types of reports).

5. R4sponAibility foi;:d17-iittIlie materials at the installation level.

6. Records, reports, and notifications in a.safety program.
.

4

^1.
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1.11. Handouti. Vu7Graphs used in DF170.

A. ,Code of Federal

TITLE 10
Part 19

Part 20
Part 30

regulations.
fi

Atomic Energy
Notices, Instructions and Reports to Workers;

Inspections
Standards for Protection.Against Radiation
LicensYng of Byproduct Material ,

General License
Specific License

Part 40 i Control of Source Material
A <Part 70 Control of Special Nuclear Material

B. Byproduct Material. Any nuclear material (except dpecial)
yielded by exposure to the process of producing or utilizing special
material 7 reactor byproducts (either fission products or material
produced by induced reactions).

C. Special Nuclear Material.

1. Plutonium, Uranium-233, uranium enriched in isotopes 233
or 235, or any other material daermineti by NRC.

, 2. Any matrial artificially enriched by 1. above.

3. Does not elude source material.

D. Source Materia ny material except special nuclear erial
which contains by eight, 1/20' of 1% (0.05 %) or more 0 aniurn,
thorium, or an mbination thereof.

E. Terms From AR 40 =14.
ro

1. Ionizing ,adiation. Electromagnetic or particulate radiation,
which may cause ionization within the cells or tissue of the

,body. For the purpose of this regulation, alpha and beta.
particles, gamma rays, X-rays, and neutrons are examples
,of types of ionizing radiation.

4
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2. Occupational exposure to ionizing radiation. An exposure
incurred as a.result of an individual's employment -or duties.
Occupational exposure shall not be deemed to include the
exposure of an'individual to Sources of ionizing radiation
for -the purpose of medical or dental diagnosis or therapy.

3. User. The activity, section, diyision, or other organizational
unit which has been assigned responsibility for the use,
operation, or storage of radiation sources.

F. Radiation Sources. Material, equipment, or devices which
generate or are capable of generating ionizing radiation including:

1. Natural- occurring radioactive materials*.

2. Byproduct materials.

3. Source materials.

4. Special nuclear materials.

Fissioh products.

6. Materials containing induced or deposited radioactivity.

7. Nuclear reactors. 7 S

8. Radiographic and fluoroscopic equipment.

9. Particle generators and accelerators.

10. Radiofrequency generators such as certain klystroris and
magnetrons which produce,,X-rays.

G. Radiation Protection Officer. An individual designated by the
commander to provide consultation and advice on the degree of
hazards associated with ionizing radiation and the effectivenesss
ofmeasure9 to control these hazards*. This individual shall be
technics,' lly qualified by virtue of education, military training,
and/or profegsional eXperience to assure a capability commensurate
with the assignment.

224
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H. Definition of terms on areas..

1. Restricted area. Any area that the access to ie,controlred by
the licensee for protection against radiation-. Shall not include
residential quarters. Separate room or rooms in residential
quarters may be set apart as a restricted area.

2. Unregtricted area. Any area that the access to is not
controlled by licensee, andotany area used for residential
quarters.

3. A room or series of rooms in a house may be restricted but
not the whole house.

I. Dose.

1. The quantity of radiation absorbed, per unit of mass by the
body, or any portion of the body.

2. Rad. The dose of .any ionizing radiation to body tissue in terms
of the energy absorbed per unit mass of the tissue (100 erg /gm).

J. Rem.

1. Dose of any ionizing radiation to body tissues in terms of its
estimated biological effect relative to a dose of 1 roentgen ,

of X-rays.

2. Equivalent to 1 rem: ,

1 roentgen -- gamma or X-ray.
1 rad gamma, beta, or X-ray.

0. 1 rad neutrons or high energy protons.
0.05 rad particles heavier than protons with sufficient

energy to reach the eyes.

2 2 5

229

%No



K. Maximum permissible dose.

Records Maintained No Records Maintained

Part of Body Occupation

Exposed Quarter Year Dose

1. Whole body 3 12 5(n-18), .. 1.25

2. Head & trunk

3. Blood forming
organs

4. Lens, of eye

5. Gonads '

1. Hands and
forearms

Feet and

. ankles

18.75 75 18.75

1. Skin of
whole body 7.5 30 7.5

Minors - 10% of no records maintained.

L. - Airbofne radioactive materials. Any material dispersed in the air.

Gases" Natural Formless State

Particles
Solid

'Dust , Submi*oscopic - microscopic
Fumes Less than 1 micron
Smoke Less than 0.5 rp4cron

Liquid
Fog Submicron droplets
Mist 0.1 - 25 microns

r

Micron = 0.001 mm
Submicron = less than ,a micron

230
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M. Effects of particles size.

.

Micron -Retention

. ._

<1 Large percent exhaled

1710 Large percent retained

4N, 10;50 Usually trapped in the upper
respiratory tract

N. Unrestricted' area.

DOSE, RATE AT EDGE OF RESTRICTED AREA

Exposure,

1 hr

Continuous exposure

7 consecutive days

1 year

MPE

2 mrad/hr

0.59 mrad/hr

0.059 mrad /hr

Dose

2 mrem

100 mrem

0.5=rern

0. Precautionary measures. Precautionary measures that
are required to be carried out.

1. Surveys.

2. Personnel monitoring.

3. Caution ,signs.

4. Labels.

5. iignals.

6. Instruction of personnel.

7. Posting of notices to employees.

8,

9.

,
Propet storage.

Proper waste disposal.

j. 227
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. P.-. Radiation.

I.-. Radiation area. Any area in which there exists radiation
at such levels that aftnajor portion'of the body could receive
a dose in
1 hour 5 -inrem

5/corisecutive days 4 100 mrem,

I
2. High radiation area. Any area in which there exists radiation

at such levels that a ,major. portion of the body could receive
a dose,in 1 hour greater than 100 Mrern.

Q n." Caution Signs.

1. Caution - radiation area.

2. Caution high radiation area.

3. Caution - airborne radioactive area.

4. Caution -, radioactive material. ,

Quantity
Kind
Date of measurement

Labels or signs are not required it they do not exceed. the following:
f%

a.. The concentrationlit;i, water is not greater than the
limits speV.fied iricannex B, table 1, 'column 2," 10 CFR20.

b. For laboratory containers used transiently in the
laboratory procedUrea, if the attendant is present.

c. Room or area withI sealed source if the radiation
level 1 foot fro tide surface is less than5 mra.d/hr..

.r,
d. Rooms or areas i hospitals due to presence of

patients with'radioactive material, provided there
are attendants present .to prevent the exposure of
other individuals in excess of the limits. ,"

e. Rooms or'areas containing material less than 8 hours
provided --

232
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.(1) They are constantly attended.

(2) That precautiory measures are taken to prevent over-
exposure of personnel.

(3)k That the area is subject to licensee's control.
. - ,----'.

-.:----
R. Records. Each- licensee shall maintain the following:

Form NRC 4 (history).

Form NRC 5 (current exposure).

Results of surveys.

-4. Record of waste dispo'sal.

a. Sanitary sewage systems.

b. Burial in soil.

g." 'Reeeipt and transfer of all material.

S. NRC Reporting.

Immediate notification Mt

The Manager of NRC Operations Office for the area will be
notified,by telephone or telegram when

1. Exposure of any individual to

25 items whole body
150 rems skin of whole body
375 rems, feet,ankles, hands, and forearms

2. Loss o4 one working week of facilities.

3. Damage to property in excess of $100,000.

4,. Concentfations released that exceed 5,000 times the limits
specified. h

5. Any loss or theft of licensed material.

2
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T. Twenty-four-hour-notific'a.tidn.

k

1. Exposure of any individual to

5'rems whole body
0 reins s10.n of whole body

75 rems feet, ankles, hands, forea_rms.J

2. Loss of 1 working day of facilities..'
_._

3. Damage to property in excess of $1,000.

4. ConcentratiOns released exceeding 500 times the
limits specified-.

Thirty -day reports.

whichEach incident involving licensed ma/terial results
in excess of any applicable limits set forth in NBC regulations.

U. InstrUctions of personnel using radiation areas':
. -

.

1. Storage, transfer or use of radioaCtive materials or of
radiation in any portion of the area.

2. Where radiation is and in what amount,

3. Safety problems and health protection problems, associated
with exposure.

4. Procedures to minimize exposure.

5. Purpose and function Of protective license.
....

' .
6. Applicable provisions of regulations and license covering

protection of personnel from, exposure,.

7. Their responsibility to report promptly any conditions which
may lead to a violation.

8. Reports of radiation exposure which employees may request.

9. Appropriate responses to warnings. .,

230
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,, IV. Posting of notices to employees.

W.

0,

,,.: 1'
1 .. Copy of Title 10, Parts 19 and 20 CFR.

q 1.
.. ... :. .. ;. . it-

2. Copy of license, license conditions, or documents incorporated
into the license by reference..

3. Copy of operating procedures.

4. _ Notice to Employees, Form NRC 3, shall be conspicuously
posted in a sufficient number- of places in every establish- -

ment where employees ar-,e employed in activities to observe
on their way to or from place Of employment.

5. Any notice of violation involving radiological working
conditions, proposed imposition of civil penalties, and any
response..

6. Licensee may state when these are available if posting is
impractical. .

!
7. Any notice of violation must be posted within 2 days of receipt

and replies by the lihensee must be posted within 2 days
after receipt or after it is sent and remain until corrected or
for 5 days, whichever is longer.

Reports to Employeei.

1. Former employees: Upon request; a report of exposure to
radiation, as shown by the licenseetsrecoras, is to be
furnished with 30 days. The report must be written and
comply with paragraph 19.13, 10 -CFR 19.

1"

2. Present employees. Upon request., the licensee shall advise
the employee annually of his exposure to radiation as shown
in thereconds. In cases of over .exposure, the employees
will be notified in.accordance with paragraph 19.13 10 CFR 19.
--;
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INSTRUCTIONS FOR PREPARATION OF FORM NRC-4

This form or's cliir and legible record containing alt the
information required on this form must be completed by each
licensee Of. the Nodal' RoloraarY COTTISSIOn who, pursuant to
Section 20.101, proposes to-expose an individual to a radia-
tion dose in excess of the amounts specified in Section
20.101(a) of the regulations in Part 20, "Standards for Pro-
tection Against Radiation," 10 CFR. The requirement for
completion of this form is contained in Section 20.102 of that
regulation. The information contained in this form is used
for estimating the accumulated occupational dose of the in-
dividual for whom the form is completed. A separate form
shall be completed for each individual to be exposed to a
radiation dose in excess of the limits specified in Section
20.101(a) of the Part 20 regulations.

Listed below by item are instructiqns and additional in-
formation directly pertinent to completing this form:

Identification

Item 1. Self-explanatory.
Item 2. Self-explanatory except that, if individual has no

social security number, the .word "none" shall be
inserted.

Item 3. Self-explanatory.
Item 4. Enter the age in full years. This is called "N"

when used in calculitings the Permissible Dose.
N is equal to the number of years of age of e
Individual on his last birthday.

Occupational Exposure 'Psi'' mos

Item 5. List the name and aiiiiess,of each pre
ployer Ad the address of employ
with the most recent employer and w

ous em
t. Start
rk back.

periods1
e

e only those riods of employment since
eighteenth, birthday involving occupational

4aisdr
exposure to radiation. For periods of selfeniploy-
ment, insert the word "self4mployed."

Item 6. Give the dates of employment.
Item 7. List periods during which occupational exposure.

to radiation occurred,
Item 8. List the dqse recorded for each period of exposure

from tecords of previous occupational exposure of

tr,

ti

' .

the individual u calculated under Section 20:14
Dose is to bellgiven in rem.

"Dose to the whole body" shall be cleanse to hi-
elude any dose to the whole body, gonads, active
blood-forming organs, head and trunk, or lens of
eye.

Calculated Dose 4

Item 9. After each entry in Item 8 indicate in Item 9
whether dose ill obtaillrl from records or calcu-
lated, in accordance with Section 20.102.

Itemlb, Selpxplanbiefry.

Total Accumulated Occupational Dose (Whole Body)

Item 11. Thi "total for the whole body ill obtained by sum-
mation of all values in Item ft"

Certification

Item 12. Upon completion of the report, the employee must
certify that the information in Columns 5, 6, and 7
is accurate and complete So the best of his knowl-
edge. The date is the date of his signature.

Calculations

.Item 13. The lifetime accumulated occupational dose fOr .

each individual and the permissible dose under'
Section 20,101(b) are obtained by carrying out the
following steps: e value for N should be taken
from Item 4. Su t 18,from N and multiply
the difference by ple, John
Smith, age 32; N-32, M 2.18) -.70 rem.)
Enter total exposure to date from Item 11. Sub-
tract (b) from (a) and efiter the difference under
(c). The value in (c) repellents the dose to the
whole body to which that individual can be ex-
posed in acco ce with Section 20.101(b). This
value for perm ible dose Is to be carried forward
to ForrnNIt.C- , "Current Occupational External
Radiation Ex sure (Whole Body)."

Item 14. Self-explanator
US, COVIAMIENT MIRK OFIKE t1.1,-0-1452114
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Form approved.
FORM NRCS Inman of Budget No. 18-8120.1

(5.62) -
I . U. S. NUCLEAR REGULATCHtY;OMUSSION

CURRENT 4OCCUPATIONAL EXTERNAL RADIATION EXPOSURE
Set bestruit'im s PNt as doch

sessonntimeol

I. 14A.W !PEW --WA Ont. owl eighs/ 2. 300.41. SICUIITT NO.
c

3. DATE OP WM (Amok ay, row) twat OP uthesee

OCCUPATIONAL EXPOITUld

3. DOSE DECOODID Mt (Spear, MINIM Imkoff;
of Moe sod lommorom, flooesod oolom.)

skit of 0144 Ways 1100Y DOSE STAT.* (na) 7. MET1T00 Of.AIONITC0010 PIlom Ilmigofic her
DoomborPer CoMmiolloom.Ork.)

X OD GAMMA

Newsome

OITA

S. MOOD p EXPOSUIE
(fro. --to) 001001 TME MOOD (rmo)

t. X OR GAMMA 10. IRA 11. NIVISON IL TOTAL

13. O.INNITO TOTAL FOR
CALENDAR OUND1111

00)

4

5

UMW/ ACCUMULATES SOU

14. PREVIOUS TOM (nw) 13. TOTAL WA/DEW DOU

oloos rem

10. TOTAL ACCUMULATED
DOSE (ro)

17. PCIUM.ACC. DOSE 3(M1.18) (mo)
.,

It. UNI/SED TART Of PIPAUSSISTE AC
' CUMULATED 00k (room)
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INSTRUCTIONS FOR PREPARATION OF FORM NRC-5

The preparation and safekeeping of this form or a clear and legible
record containing all theanformstion required on this form is required
pursuant to Section 20.401 of -Standards- for it otecuon Against Rada.
aon." 10 CFR 25, as a current record of occupational external radiation

exposures. Such a record must be maintained for each individual for
whom personnel monitonng is required under Section 20.202. Note
that s agnate FormlikiRC-S is to be used forjecoeding external ex-
posure t1:41) the whole body, (2) skin of whole body. (3) hands and
forearrm; or (4) feet and ankles, as provided by Item S below.

Ltd below by item are instructions and additional information /E-
rectly pertinent to completing this form.

Identification ,

Item 1. Self-explanatory
Item 2. Selexplanatory except that, if individual has nd social St

clarity number, the word "none" shall be inserted.
Item 3. Sdfexpianatoty.
Item 4. Self-explanatory

Occupational Exposure

Item 5. "Dose to the whole body" shall be deemed to include any
dose to the whole body, gonads, active bloodforming
head and trunk. or lens of eye. Unless the lenses of the eyes

are protected with eye shields, dose recorded at whole body
dose should include the dose delivered throZigh a tissue equiv
dant absorber having a thickness of 300 mg /cm' or less
When the lenses of the eyes are protected with eye shields
having a tissue equivalent thickness of st least 700 mg/cm,
dose recorded as whole body dose should include the dose
delivered through a tissue equivalent absorber hiving a thick
ness of 1,000 mg /cm' or less.

Dose recorded 71 do se to the skin of the whole body. hands
and forearms, or feet and ankles should include the dose de
livered through a tissue equivalent absorber having a thick.
ness of 7 mg /cm' or less. The dose to the skin of the whole
body, hands and forearms, or feet and ankles should be
recorded on separate forms unless the dote to those parts of
the body has been included as dose to the whole body on a
form maintained for recording whole body exposure.

Item 6. This item need be completed only when the sheet is used to
record whole body exposures and the licensee is exposing the
individual under the provisions of Paragraph 20.101(b)
which allows up to 3 rems per quarter to the whole body.

, Enter in this item the unused pert of permissible accumulated
dose taken from previous records of exposure. i.e.. Item It
of the preceding FormNI1C4 or Item 13 of Form NRC-4 if
the individual s exposure during employment with the licensee 1'

begins with this record
Item 7. Indicate the method used for monitoring the individual's ex

posure to each type of radiation to which he is exposed in the
course of his duties. Abbreviations may be used.

Item t Doses received overt period of lesyhan a calendar quarter
Imeed not be separately entered osrthe form proVided that the
hienste maintains a current record of the doses received by
the individual which have not as yet been entered n the

r' form, The period of exposure should specify the day the
measurement of that exposure was ihitiated and the day on
which it was terminated For example. if only quarterly
doses are entered.Ahe period of expofure for the fills' calendar

vs say 11111104

quarte-r of 1962 might be taken u running 601 Monday.
January t. 1962, through Friday. Muds 30. 1962. and would
be indicated in this item 11Jan. t, 1962-Mat. 30. 1962. If
weekly doses are entered, a film bulge holed Monday morn-
ing. January I. 1962. and picked up Friday. January 5, 1962.
would be indicated as Jan. I, 1962-Jan. 5. 1962.

hems 9, Self-explanatory. The values are to be given in rem. All
10 and measurements step be interpreted in the best method known

11. sod in accords* with Paragraph 20.4(c). Where calcula.
tions arc made to determine dose, a copy of sigh cakulatiotis
is to be maintained in conjunction with this recoed. In any,
case where the dose for a calendar quarter is less than
of the value specified in Paragraph 20.101(a), the phrase
"lets than 10%" may be entered in lieu as numerical value. t

item 12. Add the values under Items 9. 10 and 11 for each period of
exposure and record the total. In calculating the "Total? any
entry 'less than 10%" maybe disregarded. =

Item 13. The running total is to be maintained on the basis cirtirtOss,
quarters. Paragraph 20.3(a)(4) defines calendar quarter.
No entry need be made in this Item if.only calendar quarter
radiation d o s e s are recorded in items 9. 10, I I and 12.

Lifetime AccuMulated Use (Whole Body)

Nora: If the licensee chobsea to keep the individuara expo.
lure below that permitted in Paragraph 20.101(a). Items 14
through It need not be completed. However, in that case
the total whole body dose for each calendar quarter recoeded
in hem 13 (or in Item 12 if quarterly doses are entered in
hens 12) should not, hrceed 11/4 fens.

Ilan individual is exposed under the provisionsf paragraph 20.101(1)',
complete Items 14 through IS at the end of each calendar quarter and
when the sheet is filled. / Values in Item 13. when in the middle of e

,cslendar4uarterzandAlues-in item It _must be brought forward to
next sheet for each individual, °

Item 14. Enter the previous rwit*Piccumulated dose from previous dose
records for the individual (e.g.; from Item 16 of Form
NRS'or Item 11 Form NRC-4). The total occupational
radiation dose received by the individual must be entered in
this item, including any occupational dose received fmm
sources of radiation not licensed by the Commission. If the
individual was exposed to sources of radiation not licensed

a by the Commisskm during any calendar quarter aher come

*ling Form NRC-4 and personnel monitoring equipment
was not worn by the jndividual, it should be assumed that

the individual received a dose of 11/4 iems during path such
caleAdaf quarter,

Item 15 Enter the total calendai quarter. dose from Item 13 (or frorn
Item 124( quarterly doses are entered in Item 12) and the
date designating the end of thecalendar quarter in which the
dose was received (eg., March 30, 1962).

Item 16. Add Item 14 and Item 11 and enter that sum
Item I. Obtain the Permissible Accumulated Dose (PAD) in rim for

the WHOLE BODY. "N" is equal to the number of years
of age of the individual on his last birthday Subtract )8
from N and multiply the difference by S rem (e g ,John Smith,
age 32; N=32, PAD=5(32-18).'0 rem).

Item St Determine the unused part of the PAD by subtracting Item
16 from Item 17. The unused pareof the PAD 11 that pot.
non of the Lifetime Accumulated Dose for the individual
remaining at the end of the period covered by this sheet

ke iw o-mr.,
239
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INSTRUCTIONS FOR PREPARATION OFDD FORM 119

ITEM ,

1. -Enter file, service, badge, check, or clock number by which individual is currently identified.

2. Enter 'Sift name, first name, and :fuddle initial: U the combination of last name and first name
. exceeds 19 spaces, enter last name and initials only.

3. Enter Social Security number.

4. Enter in not more than 10 spaces, rank, rate, grade, title or positloti that the individtial is
currently holding. Use standard service abbreviations, e. g., CAPT; MC; HMCS; HMI; SSGT;
LCPL,, etc. Abbreviate civilian occupation ;Wes necessary; e. g., Radiological Phyilcist
to Rad Physic, Radiation Physiologist to Rd Physiol; Electrical Welder to Elec Wlitr, etc.

5. Enter date of birth by day, month, and year, e. g., 21 Sep 1918.

6. Enter name of activityfor unit.

7 and 8. "Period of Exposure." Enter the day, month, and year, e. g. 1 Oct 62.

7. Enter the day, month, and year exposure period began.

8. * Enter day, month, and year exposure period ended.

9 through 12. "Dose This Period." Enter radjition dose rece,ied, this period to three decimal
places, e. g., 02.345 rem. All entries shall be made using five digits including zeros as
necessary.

9. Enter skin dose (soft) which includes low energy gamma and x-ray of less than 20 KEV effective
energy and beta radiation. Total skin dose is the,visual addition of columns 9 and 12. e

10. Enter gamma and x -ray dose greater ,than 20 KEV effective energy in rem.

11.
SEnter

Neutron'dose in rem.

. 12. 1, Enter sum Of items 10 and 11.

13. Add item 12 to previous item 13, enter total in item 13.

14. Enter permissible dose calculated from the age formula,5(N-le) rem, where N equals the
. present age in years. . i,

15. Recorder certify entries by initialling.

16. 4 Enter other pertinent information such as known exposure fitm internally deposited radlotctive
materiaor from any external radioactive sources.' Describe briefly any activity or assignment
bearings potential for exposure and estimate dose-time relationships, if feasible. If this form
is used for other than whole bay and skin of whale body, specify the use: i. e., hands and
forearms, feet and ankles, thyroid; etc. When recorded dose is not obtained from filT badge
readings, specify whether estimates were obtained from pocket dosimeters, area or air monitoring,
bioassay, etc. .

. ',
r

.

"t

NOTE:

This record is reqUired on all individuals who are employed by Or are members of the Armed Force* and who
have been or ere being otcupationally'expoaed to ionizing radiation. It shall be the responsibility of each
activity of, the Department of Defense having personnels° exposed to initiate and maintain this record in
accordance with AR 40-14/BLIMED1NST 6150.18 eries/AFR 11-8/DSAR 0143.24.
(29 Sept. 1966)

a

I
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LIST OF REFERENCES

eat
1.i Code of Federal,Regultions.

a. Title 10, Part 19, Notices, Instructions and Report of Workers;
Inspections.

1, . ,
b. Title 10,,Part 20, Standards for Protection Against Radiation.

c. Title-10, Part 30, Licensing of Byproduct Material.

2. Technical Bulletins.

4, NBS Handbook 73, Protection Against Radiation from Sealed,
Gamma Sources

b. ,`NBS Handbook 92, Safe Handling of Radioactive Materials.

c. TB Sig .225, Identification and Handling of Radioactive Signal.

3. Army Regulaiions.

a. AR 40-14, Control and Recording Procedures Occupational
Exposure to Iohizing Radiation.

b. AR 55-55, Transportation of Radioactive and Fissile Materials
Other than Weapons.

AR.755-15, Disposal of Unwanted Radioadtive Material.

4. Training Carculays and Fietd Manuals.r
c 1,
?

a. FM 3' -15, Nuclear AcCiOnt"Contamination Control.

b. TM 3-261," Handling and Disposal of Unwanted, Radioactive Material.

288
242



V. Problems.

1. In dealing with regulations Concerning.tadioactive materials

three terms are used: Byproduct Materials, Special Nuclear

Material, and Source Material. To what type of material does

each term refer.

'to

2. What total 'amount of cation could a man 30 years pf,age

have accumulated if rec rds have been maintained on his expo-

sure since age 18? -

C

232
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141

A man 27 years of age comes to you,for employment. His work records
show he has received 41.3 rem of radiation. What total dose may he
receive in addition to the dose he has accumulated? What amount of
this total could he receive in the first quarter he works for you?

a
t) q 7a

ti

11,

4. Upon hiring a new emplOyee yOu find ,he has no past history-as a radia
tion worker but he has worked in the vicinity,of radiation before.. He
is 21 years 014. What dose may he receive during this year? '

C

uo

240
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-5. Determine whether the areas listed should be .restricted or unre-

strJ.cted. All values are for air.'

210
a. Bi F Sol 9 x 10-10 p.c/m1

b. 0c6 Sol 7 x 10-9 p.cinil

10
c. La Sol 4:2 x 10-9 p.c/m1

d.
32.1

Ins 9 x 10-10 pc /ml

e. 3H Sol 6 x 10-7 Aciml
1.7,7. 74

f.
111

Sol
(77.77

4 x, 10:9uc/m1

Ins 5c -10-9).1c/mr95zr

90

1. .
6
Sd

..

Sol S X 10-8 pc /ml
i .-

,
.p-

,, -
Ins. 9,0 x 1010--itici/ mi-

l86 Ins 6.0 x 10-9 itc?ini
. ,

;

77777.,..77*77.

, .

245
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. What forms should be acquired or maintained on radiation work?

7. What is the maximum permissible dose at the edge of restricted

areas when the exposUre is limited tp

a. J. hour

ti

b. 1 year

O

c.. 'To constitute a high radiation area the dose'Which may be

received in 1 hour must be what arnotint?

t

0 .

!"
,

242
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'I

There ere three types of report's required by IN7t(3. The type of the

report depends upon the severity of ,the accident or incident. What
=are these reports? a

a

'7
a

A

9. The following' isotopes are in air ri the indic:kted"concentrations.-

Are the limits for a restricted areas exceeded?

82Br 5 x ylc/m1 Soluble

246dm 1 x 10-12 pc /ml Soluble

35s 9 x 10-8 p.c/m1 Soluble,

243
247

r
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10. In an accident, two millicuries of
14C, as CO2, were'released

in a roan 10 x 12 x 3 meters. Assuming that the CO2 is evenly dis-

tributed in the air space of this room, doeb the concentration_ exceed

the maximum permissible concentration in Title 10,,Part 20, App

11. Given concentration in air'Of

198A_

122Sb

2 x 10 -941c/m1

4 x,10-9 pc /ml

Unknown .00
4 x 10-15 }1c/m1

Should this area be restricted or unrestricted?

Soluble

Soluble

Soluble

12. you are monitoring in an unrestricted area for an airborne concentration

of isotopes. The following date is taken:

'-Cohcentfation A
36

Q1 5 X 10 /m1 Sol
14

Condentration B C 3 X i0-811Ci/m1 Sol

Conbentration e131I 10-141Ci/m1 Sol

Concentrations D
18F

4 X 10-*Ci/m1 Sol

Is the airborne concentration in this room low enough to 6e classified
, "as an unrestricted area9 (General population can move free:1y with,ne

radiation restrictions.)

241
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VI. Solutions to Problems.

( I

1. a.' Byproduct Material - Any'nuclear, material (except special)
yielded by exposure to the proceie of producing or utilizing
special meterial - reactor byproduct (either fission pro-
ducts or ,material _produced by induced reactions).

4 1$ -
(\

b. Special Nuclear Mater4; - Plutonium, Uranium-233, Uranium
enriched in isotopes JJU or 235U,,or any other material
'determined by NRC (weapon! materials ) .

IC. Source Material Any material except, special nuclear
material which contains by weight 1/20 of 1% (0.051) or-
more of uranium, thorium, or any combination thereof
(these are the ores).

2. The governing factor is 5(n.-, 18)

n = 30,years.

5(30 - 18)

5(12) '

60 rem of radiation

245.
249
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.3. pbse received .te) this date 41.3

The governing factor is 5(n-18) n = 27 years

5(27 18)

5(9) = 45 rem

45 remS- 41.3 rcm = 3.7 rem

Since he has. 3.7 rem remaining exposure; he could1
receive 3 rem the first quarter (if necessary).

T

4. You must assume,he has received the maximum dose since he
was 18 years 91d.

, ' ,.
.

, ,.

Therefore, he may only receive 5 rem during this year.

5 a. Restricted.

11).'- Unrestricted:

c. Unrestricted.

d. Unrestricted. %

e. -Restricted.

f, Unrestricted.

g. Restricted.

h. Restricted.

(

246
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L

I

j.

6: NRC Form 4 -.persona/ history

NRC F9rm 5, - CurreneOccupational External Radiation Exposure

DD Form 114.1 (for military) '- Record of Exposure to Ionizing
Radiation

Restricted.

'Unrestricted.'

4",

a-. *2 mrem

b. 0.5 rem

c. Greker than 10b mrem.

8: a. Immediately

b. Twenty-four hour notification

c. Thirty-day report.

9. CA ,CB . Cc,
MPCA MPCc

5 x 10-7 + 1x10`,12 + 9 x =

1 x 10-6 5 x 10.12 3 x 10-7
O V

0.5 + 0.2 + 0.3 = 1

0

Within the limits of a restricted area .(barely).

k.

S.,

O.
'ti 1 , .

'
i .4 4

247 :. .
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, . .
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A

,

10. ,af' ,Voiume of room.in cm3

4.0,

10 m x 12m x 3m' x

b.

io6ra
m3

3.6 x '1014 ml'

2 millicuries = 0.002 curies = 2 x 103pe

therefore
. 2 x 103.pc

= 5.555 x 10
-6

pciimi

3.6 x 10
8

mi.

14C in air = 5 x 10-5 )ac/m1c. MPC for

11,
C
A

.MPQA MKB

155 x_10:51c/m1 does not exceed MPC

+
CB

+
C; = 1

MFCc

x 10-9 +

1 x

4x 10-9 + .4 x 10:i5

6 x 10-9 2 x 10-14

9

0.2 +"0.667 0.2 = 1.067- > 1

This Must be a restricted
Appendix B.)

12,
C
A

C
B .+

MPC
A B

From Table II.

5x10-141°iimil

lx10
-8
P
Ci

/mil

C
C

sd
D

<

MPC MPC
D

!Column L
,

-4gci/mi

area
.

1x10-11Ci/mf

-2- -1 -1 -1

l-

aze

(mac

talcen,

'1x10-1119Ci.hfil

-10Ci,
lx10 fra

C

from Footnote 2c at end of

4 -8uCi 4S

4x10 /mil

2x10
+

/oil

5x10 + 3x10 t lx10 + 2x10
. 4'

0.05 + 0.3 + 0.2 = '0,65G 1

,Therefore it is unrestricted and the gerferal populatiori can enter.
.

2 9
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'DF180, SAFE HANDLING AND STORAGE OF RADIOACTIVE MATERIAL

Z. Discussion addReferences.

A. Discussion.

1. 'The safe handling and storage of radioactive,materials

require special techniques and protective measures,

The purpose of the techniques and protective measures

is:

a. to prevent ingestion, inhalation, and entry,by any

mode of radioisotopes into the body; .

b. to reduce the amounts of external radiation to or-
,

below the permissible'levels; and

C. to minimize the external and the internal exposures.

2. In order'to control the external exposure we employ a

sensible and concurrent utilization of four basic tech-

niques of exposure control.

a. distance

-

b, time
t

c. shielding

d. quantity

Two general techniques are employed to control or'reduce

internal exposure. Theseare:

a. dilution. and di'spersion.

b. '.containment and concentration:

In order to employ these techniques, a number of Handling.

methods are used.' The:method-of handling becomes more

complex as the quantity and potential hazard of the radio-.

active material in eases. -Thesemetboda erg Proken-into
, .

four general catego
2,,..., direct viewing, shielding barrier,

.
. ,

closed cell, and-un erwater-,
,

,,,

-,,
, . ,

c, A third method'bf control dbuldpelabeled "Delay and

Decay." This method would control the.materia.1 until.,

it has,dec.yed beyond limite of considering it radio-
, t

I. e
's

250.

254
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It 1

4. 4hek'atoring radioactive materials, the complexity of the
,,facilIty'depends upon the'quentity and type of materials
being stored. A number of things which should be coniid-..

. ered are;,

,!

a. marking the storage area.

4

marking of' individual sources.

distribution of radioactive material.

d. shielding of sublivided,qmounts.

time.requiied to remove and replace material.

f. ventilation (if material it gaseou.sor has gaseous
daughter products)1

dose rate to individuals outside the storage area
.(nonradiation workers in particular)'.

h. personnel:mohitoring devices (dose and dose rate)k
for personnel entering the storage area.

-$2

In .order to-plan for the safe handling and storage of
radioactive material one must know the source strength
of the material. To determine the source strength"of a
given amount of aterial, khowing its activity,, one may

the expre ion
, .

S7 = 0.56-nCE

where

S = 'source strength in rhm

c :=.'nUmbey of curies

= the 'energy of the gamma photon
by the%radioactive material

itted '_

n = the fi-afition of time a gamma photon of .

'ienergy E is emitted

If.more than one energy gamma photon is'emitted, the
contribution of each to the source strength must be
'considered.

S = 0.56 C ZnE'

255
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B. Some Additional References:

1. NES Handbook73.

2.. Chapter 7, Nuclear Instruments and Their Uses, plume I,

edited by A. H. Snell. - .
tk' 4.4*

. . .---_.

3. ;'Safe Handling of Radioisotopes Safety Series NO:

'International Ikclear Regulatory Ccanrnidsion.4-
II. Lesson Objectives and Notes:

A. Discuss the methods of safe handling and storage of radioactive

- material.

B. 'Calculation of Source Strength.

V

,

,252
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III. Handouts*: None

IV. Problems:

/ .

a"
w

/-

Class and He Study Problems.

1. What'is the source strength of 7 curies of Cobalt -57?

( 253
159



2. Waat is the source, strength of 120 curies of GallAm2-74?

sr

What would be the dose rate 25 cm from a 420 me source of Arsenic-747.

C

25'I.
26,Q

1

a
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,4

.

4. Fhat dose would you receive
in Ti hours?

5% A reading of 270 mrad/hr is 'observed 300 cm from a putheni0-1G3'
jsource. 'What is its activity?

230 cm /rpm a 720 me source of Manganese-56

.

.

l
MO, goo

ZY4.

z,1

ti
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4

1 *
.;

..,

6.: What is the minimum distanc:i personnel, can work Prom an unshielded
5-curie Co.:60 source, if'they work 8 hOurs per day 5 days a week?,
OleelayMPE = 300 mrem.) ,

i
. '

T. What is the maximum perthissibie time'a worker can be exposed to an
unshielded 10-curie Antimony;124 source, if he is 760 cm from ttie
source? (Weekly MPE = 300 mrem.)

.44

a
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8. At what distance frOm the source used problem 7 would one place
a sigh ani barricade in order.to restrict unauthorized personnel
from entering ah area'where the dosp rate is greater than 5 mrad/hrr

9. 4 A radiation worker performing an experiment-requires the_use of 500 me
. of Antimony-125 fifty (5o) timed' per week for 30 seconds each

time. What is the minimum length remote handling tool he can use and
..,

. not exceed a dosage of.300irem//reek? .
.

,

-.,
o a ) ',

. ,) o.
. .

-

to
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V. Solutions.

A

1. .From decay scheme on page 388,, Pam 25 -

y17 0.13632 (99.8%)

E
Y2

= 0.7064 (0.18%) Not used < 3%

S = 0.56 n CE

=' (0.56)(0.998)(7),(0.13632)

= 0.534 rhm

2. FTom column 5, Page 254, Pam 25 -

E
71

= 0.601 (8%)

E. = 0.630 (27%)
72

E. =- 0.835 (96%)

.e.894 (10%)

,
E
Y5

= 1.050

E' = 1465 (3.5%)

(7%)

'E = 1.60
r7

(5%)
.1

E78 :'(5%)'

E.;'9 -; 2'.201 (26%)'

710
= 2.;0

.,,-,1:2;;;;K
4-4/ P* 1-,t,1

S7 ,= 0.56 C PIE
7

I

J

= (0.56)(120)((0.08)(0:60W + ,(0.27)(Q.63.) + (0.96)

W.835) + (g.iY(0:894) + (0.07)(1.05) + (0.035)

p(1.165) + (0.05)(1.6) + (0.05)(1.86) + (0.26')

(2.201) + (0.2)(2.5)].

.1 (67.2)(0.0481 ,+ 0.17 +, 0.802 .+ :0.089 + 0.073

0.0513 +, 0.08 + 0.093 + 0,5723 0.5)

(67.2) (2.4803) 4,

= 166.6 rhm

.
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3.. From cOlumn.5, page 256, Pam 25

E71 0.511 (59%)

4

Y2
= 0:596 . (61%)

EY3
= 0.635 (14%)

-3

Sy .0.56 C EnE

= (0.56 ) (420 me )[(0.59)(0.511) + (0.61)(0.596 ) +
(0:14)(0.635)]

(235.2) (0.301'5 + 0.0889)

(235.2)(0.754)

177.3 mrhm
114

S 177.3 mrhm 177.3
=' 2840 mrad/hr

d2 (0.25)
2 0.0625

4. From decay scheme on page 387, Pam 25

E
71

.=

E
72

=

E
73

=

E =

0.8469 S53%)

2.658 (30%) 0 .

2.957 (15%)

3.37, (1,.,3%)' 'Not used,< 3%.

S = 0:56 C,EnE

= (b.56)(720 Tric)t (0.53)(0.8469) j- (0.3)(2.658) +

(0.16)(2.957)]

= (403.2)(0.449 0.797 0.473)

= (403.2)(1.719)

= 694. mrhm

D =
S

x t
694 mrhm (694)(7-.5)

(2.3)2
5.29

259
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5. From decay scheme, page 395, Pam 25

'

0

E
71

0

= '0.04 (3%)

72
= 0.298 (1%) 4 ,Not used <- 3%

E73, 0.36 (1%) Not used < 3%

E 74 = 0.537 (89%)

....
E
75 = 0.6505 (7%) ft

,

k l

=
-

Rd
2.

= (270 m:rad/hr ) (I)
2

= (270) (9)

1.

= 2430 mrhm or 2.43 rhm

,..

S
C

0.56 E nE
,

4,,

2.43 rhm
(0.56)( (0.03)(0.04) ÷ (0 89)(0 537) + 0.o:0(0.6505)J

2.43

E0.56)(0.0012 + 0.478 + 0.0455)

. 4

0.294
8.27 curies

1

. 6., From decay scheme, page 389, Pam 25 -

E
71

1,3325 (0.12%) Not used < 3%

E72 L= 2.158 (0.013%) Not used < 3%

E73 2.5057 (999).

S = 0.56 n CE- = '(0.56)(0. )(5)(2.5057)

= 6.95 rhm or 6950 mrhm

2.43
(0,56)(0.5247)

v/IT
D

1
- 300

(6950 mrhm)(4o)
30:4 metexs-

1

2,60
266 :
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'4

From' column 5,, page 292, Path 25
o

(

\,

.

E
yl

E/
Y2

E'
Y3

E
7 14.

E
75.

.E7g

. YT

E
78

E
r9

E
710

=

=

=

=

=

=

=

=

=

=

.0.603
,

'0.644

0.72

0.967

1.048

1.31

'1.37

1-45

1;692

2.088

4

a.. d
J

V

(97%)

(7%) -

4

(14%) o ..

14(2:%) Not used < 3%
I

(2.4%) Not < 3%
.. " : k

(3%)

(5%) 10
,..

4v

(2%)1 'Not used < 3%

c5c1.) \ . . .

(7%)'
1

.
1 ,

S = 0.56 C EnE

I

= (0056)(10)1(0097)(00603) (0007)(00644) 0

(0.14)(0.72) (0.03)(1.31) + (444)(1.37)0°-+.

(0.5)(1_692) + (o.o7)(2.o88)] .

1.
,50., g,.."01 5 of 0451 0.1001 + 0,0393= r

0.0685 4* 0.846 + 0.1463)

(50U)kle8363)GN/
.

.

= 10.24 rhm
,,

.-4, .
,

t
Dd

2
(0.)(7.6)2 1.69 hours

.

or 1 hour and 41 minutes

,. ,,,

S 10.24 , .

.
. 4

g
R

/10,240'mr
5 mrad hr

4

26.1

267 '4
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9. From column 5, Page 292; Pam 25 -

"E
rl

= 0.176 (6%)

E,,
/t

= 0.427 (31%)-

E = 0.463 (10%)

E
74

0.599: (24%)

' E = 0.634 (11%)
r5
. .0

E76 = 0.66 (3%)-

to

sy 0.56 C'EnE

(0.58)(500 mc)((0.06)(0
40.1)(6.43) (0,24)

(0.03)(0.66))

(280)(0.0107 + 0.128
0.0697" + 0.0218)

= '(280,)(0'.4203)

No

.176) + (0.3 )(0.427) +
(0,599) + (0. 1)(0.634). -+

+ 6.0463 .1438 +

40.

N.

t '=

d =

118.mrhm'
'

(.50)(30) = 1500 see = 0.417 hours

4071764 =

,

0.405 meters or 40.5 cm
/(118)0:417)

D '4 300

ti

a
5.,

t i

-

t
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F200., INTRODUCTION TO SCALER COUNTING

I. 'Refer-.,.e -and ,Discuss ion.

A. Reference: ST 3,=155, ch 12.
0

B. Discussion.` ti

C. 5

1 General: '. ,.

A'The scaler is a laboratory. radiac instrumesta designed to yield .

'precise data on the activity of a `radioactive samN..e... It measures.
gamma end beta radiation, .'and under gertiain"conditioils will .

measure alpha radiation. Due to its ;precision, this instrument,
wheri used with the. proper auxiliary equipment, dan be used.to:

( 't .45 ,..,
a. Determine the:energy =gammagamma emissions..

,
b. kDetermine the half-life of -an isotope.e..

.

gamma
. .c. Deterfaine the energy 'of amma emisslons.., ,,
.,

4

d. .1) eterm in e the energy,of.beta em it'-sions.

e. Determine the energy_ of alpha;emissions.

COrtipa.0 the counting rates of ti#osamples._ .

..-,
g. ;Determine_ the dec ay cons tant fissiOn, producti.

auch...14-fOrmatiOn ti.,eded by"- the, Health Physics and.Radiatiim
-Safet,;"/"Offi-cers, and miy."..be rqUired by-, Commanders' in the event
cif-nUslear...warrare.- '

.D-esqrptiort.

components. They are

(.3..-)1-' sensIttiVd..-rai?.,i,40,oriedetecting unit -

-.(2) .A-recaddipg'-unit. . =

(3).:"Ai.-preqise' timing dirtt. s -
Figure I is- an ill.u4trat ion of a, typical scaler_'
ddniPonent. parts., -7 ;

. .

.The. detecting unit. of the scal6i-can be:

- (1) P;Geiger-Mueller tube.

() A scintill,atiOn crste .tal0 e.
(3) ":' A " proportional tune or

!.;.- ;;TA

e

"cOunter."
;

-

46
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Y' s , r

" '

4 '

It is usually shieldedAwith lead to reduce backgtqual radiation. 4

When the detecting undit is vieiger-Mdeller tube, it Is mounted in
,a fixed position inside a lead pig: Sample holders are 19cated
''belpw th2 GM. tube infauch manner that sample orientationlcan7Pe
reproduced. t. '

%. : ,
., .

, , . vtf

_The recording unit takes the signals (discharge fr9m G1 tube; flash
from'gsintillation crystal or discharge from the proportiOnal tube)
from the detecting unit dnd records them. The recording device is
generally ,a combination of electronic and mechanical registers,
although electronic registers are often used alone.

'.The timing unit is a precisetime, measurihg device. It is designed
,-,

o record rime, usually inminuteS and hundredths of minutes,
during the time of measurdmdnt It may or may not pe set to stop
the recording device after #i; pre-set:time, or alternately, the
recording 4evic2 may or,,may not be het tO,stop the timing device

' after a pre-setnaber Of cOdpis has bden registered. :..
.,,. ,

. r
_

The components of the scaler may aetect and coint'gam4A, alpha,
and beta radiations frpm a saMDle.in total Go*. 'The counting
Tate, saints veil dnit4ime, is:Nund by;dividing the total. count
by*the.tOtal time, usually minutes to find counts per minute. Most

scalers- register witpgreatest efficiency when the counting rate doe'
not exceed 5,100 counts perfminute A special unit or tube is required

.

- for.alpha.sounting. I, , 9
1 '

. 1

.$ 3.- 'Operation.

4

, . . , . .. . .,,_

Effective dge of the,scaler to determine any of the items;mentionedebove .
,

requires:' . p ,
l

4
,

r

a: Careful sample preparation. . ,- .. .1 .,-'

-, .

b. Determination of efficiency of detecting unit'.

Careful consideration-must be given to the chemical and physical form in ,

which the sample are to be measured. This is necessary to minimize error's

due to back- add self - scattering and self-absorption. However,
the

detailed
discussion ofthe experitental techniques involved arebeyond tl?e scope of
this manual.,

,

Since the detecting element will only "count" events that occur within it,
, the counting rate will not be the disintegration rate of the sample:The

disintegration rape of, the sample is the number of nuclear disintegrations!
which take'place Sin the sample in a unit' time, i.2., disintegrations .per

minute or per secciiii; The counting rate is actually the number of nuclear
disintegrations which are DETECTED in a.tinit time. Thu's, the counting rate

will differ from the disintegration rate by the-number of nuclear dis- _

integrations which are not detected by the detecting element.

.20-)
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4. Geiger-Mueller Tube.
1

With s'GM,tube this ratio between Counting rate and alsintegration rate rs
knownies the tube's 'efficiency. This efficiency is the result of three
factor,s. These' factors -Ore:

, 0

a. Resolving time of-the GM tube.

b. Geometry of the tube and sample. J

c., Energy sensitivity of the GM tube.
- ,

The resolving or.deadetime of a GM tubeis the time following a primary,
ionizing event during which the tube is insensitive to ionizing radiations.
The dead time pf,an average deigerlMueller tube is 0.0002.eecond (200 u sec).

. ,
. ,_.- ,

-During this 0.0002 seconds, if another primary ionizing event takes place in
the tube it will not -,ause a discharge of the Geiger-Mueller tube; and,
therefore, will not becounted: A GM tube having a 0.0002 second. dead time
willtecordell of 5,000 evenly'spacd ionizing events per secorid,occurring
within it. However, should 6,000'pienly spaced ionizing events per second
occur, 1,000 events would not be counted. The 'problem increases when one ,

considers that a radioactive material does not decay at a perfectly constant
rate but decays random/y in fits and spurts, although the sample does have
an average decay rate. _ r_b

. ,

A pictorial view of this dead time and randomness of disintegrations is
presented in fiare2. 'Here the'unevenly spaced arrows indicate random

,disintegrations and the blocks reDresent the resolving or dead time of
a CM tube. Whenthe disintegratioft teuses ionizing events while the tube,
istpletely# charged as In,A, B, D, and F, the events are recorded. When,

. however, the ionizing events occultduri4 dead time as in C and E, counts
will'be-.lost, For example, One count is lost in.0 and,twoqn E.

-
.* .

Hence, theligher the cOunting-rate.,the larger tilefraction ofcounts that
,,

will be.lost,7t is possible-to make correction's for the lost counts if
the dead time is 'known. ,4_Thp, can be;determined,rather easily. Knowing
the dead ...ime, a calibration ,curve can be Cqnstruted. which will relate,
the observed counting rate to the'true counting rate.

.''

Resolving-Time DeterMination% \.

%The resolving time of the tube is measured bsi, taking a serj.es of three
' counts Using two different.sources. -Counts are taken on the individual

semples, plus a count of the two sampleS together. The,total counts
forithe combination of the sources is,greater than either single sample
abpve,, but lehe than the sum of the two samples, The reason for this
lowered count is due tp.the radiation entering the tube 'during the dead
time'of the tube, or several radiations entering the tube simultaneously.
The two samples chosen ghouldte,!gamma emitters with a counting rate of
.about 5,000 counts per minute, 41,1ch.

2e)
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ro

'B
-781 + 82'

R1 R2

,
.

131 2 - Rb
.

. ,. esolving time (T) . 77-- 2 r

.
. . .

R
<P

--

'a
1, 2

-

where R
1

= c
-/

for sample No. 1.- .r = '-

R = -cpm for sample: No: p.--
,.

Bor the, of-thples 1 and 2.
-'6 1)111 f

th combination2 .-=
_--

.. : .
,

The resolving time of the tube.may be calculated by means of the following
farmula: -._- _

^

sr

R.
o

cpm background.

Once the dead time is determined fora particular Geiger - Mueller tube a
calibration curve can be constructed. The Curve will relate "the observed
counting rate to the counts to be added to obtain the incident counting
rate of thesample., This curve can be constructed by the use of the
following equations:

-= R -"R -
9

where R is the 'correction factor in cpm to be added 't,i6 the Observed
counting rate.

R is the incident- counting rate.

R is the observed counting rate.
.1,

then Ro-r = time/minute that the scaler is not counting.

T is the dead time of the-Geiger-Mutfler tube.
_

R,R
o
T = total number of counts mis§ed.

R - R = total number of counts missed.

-
then R RoT = R - Ro

7

rearranging gives: R

Ro

1 -
0

substituting for R in the briginal equation the following is. obtained:

,

"../ .6R =
R
o - Ro ,

e 1 - R
o
T

I-.
,

rearranging giyes the equation:

R
o

2T
-

de =
1 - R T

2 6 7
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where R
o
is observed counting rate

a is cpm to be added to the observed counting rate to give
the incident counting rate.

A graph of "observed counts" versus "count's per minute to be added,
a" can be constructed on log-log paper. In order to obtain points
for the curve "observed counts versus counts to be. added," a value for
a is obtained by solving the above equation, in which the resuaving
time of the GM tube used is substituted for T and by assigning an
arbitrary value to Ro. This arbitrary value of Ro and the resulting
value of a when plotted on log coordinates will establish one point
of the desired' curve. "-At least four additional points should, be

establishad by assigning other arbitrary values to Ro and solving for
the corresponding a. These points will plot essentially as a straight
line. When such a curve is employed, Incident Count (R) may be ob-
tained by adding to any given value of Ro the value of a correspond-
ing to Ro read from the graph. A graphical solution saves considerable
time when numerous readings are to be corrected:

6. Geometry andEnergy Sensitivity.
. ,

Geometry,of the tube and sample is defined as the ratio of the total
disintegration,beingeiitted and the number of disintegrations actually
counted by the scaler, This ratio is generally expressed as a
percentage. If for a certain physical set-up of the detecting element

,

and sam in the lead pig, 10% of the total disintegrations of a
sample'were counted in a unit time, then the "geometry" ,1s said to be
10%. T emainihg 90% of the disintegrations go of in other directions
and are not counted. In order to obtain accurate data that is meaningful,
the,"geometry" must always be the same and must not change. Figure, S',,,

ilaustrates two extremes of geometry.

Energy sensiti;:rity of a GU tube is a function of the energy of radiation
and the amount of absorbing material between the atom that disintegrates
and the gas of the GM tube. A typical plot of percent efficiency versus
energy is shown in Figure 4. For low energy'beta radiAion, lower effi-
ciency is due to self absorption within the sample, absorption in the
material Ind the air between the sample and wall of the OM tube and absorp,
tion in the wall of the GM tube. A similar graph would be obtained for
gamma radiation.

Therefore, to determine any of the items mentioned above it is necessary
that the samples to be counted always be placed in the same position with
respect to the GM tube. That is, the sources must be the same distance
from, and in the same relative position with respect to the GM tube.

This,requirement for maintaining a constant geometry necessitates a*
permanent,type sample holding device in order to assure a,reproducible
position:- Such a device is phown in Figure 5:

268
27-4

A



I)

t

7, Scintillation dounters:

The most common type of detector for measuring gross counting rates is"the
scintillation well counter. It consists of a Crystal, usually sodium
iodide activated with thallium, in which a small hole is bored to permit
entry of a smple vial. The sodt5ts iodide crystal is connected to the,
front of a photomultiplier tube by a light pipeand the crystal and tube
are surrounded by an aluminum housing. The detector-unit (the crystal
and photomultiplier tube in the aluminum housing) is equipped with some
type of lead shielding.

*?°
The scintillation detector is preferred for counting gamma radiation
becaUse solid sodium iodide is more efficient in attenuating gamma radia-
tion than is the gas filled gm or proportional counter 'tube. When gamma
radiation interacts with the sodium iodide crystal, some of the gamma ;-
radiation will interact by?one of three possible processes. These are:

a: Photoelectric.

b. Compton interaction.

c. Pair production.

In each of the above processes, energetic electrons are ejected from an
atom. This electron loses its energy either by' ionization or excitation
of, the atoms through which it is passing. Whenepe sodium iodide atoms
are excited, they re-emit this excitation energYlin'the form of light
photons; The number of photons produced id proportional to the energy of
the particle producing the excitation.

The photpmultiplier tube contains a photo cathode, usually made of silver-
magnekium or cesium-antimony. When the light photons strike theplibto.
cathode, "photoelectrons" 8f 1 to 2 ev energy are ejected apprOximately 10
'to 15% of the time. These photo electrons:fOrm a photo elect4ic current
which is amplified by Passage along "a eerie? of dynbdes.,./DynodasLare plec:
trodes so arranged'that the electrohs frOmieaCh preceding dynode' ai-e'focuspd
on the next dynode. 'Each dynode in the series is at a higher potential
(approximatey 150 Volt; in most caseQ) than that of the preceding dynbde.
This causes production of secondary electrons at the, next dynode surface..
The photoelectrons in passing-through the dynode 'series are joined-by more
and more secondary electrons, which results id an amplified chrrent.

Since the number of light photons produced is dependent on the energy'of
the photoelectric, Compton or pair prbduction electron, which in turn is
dependent on the energy of the gamma radiation? the scintillation detector
responds differently to gamma radiation of different energy.

Background Corrections.

Regardless kpf the detecting unit used with the scaler,_ correction must be
made for t14 count due to background radiation., Backgroundradiation is
radiation arising from cosmic rays and stray radiations from other sources.

(
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The total recorded, counts are actually from two sources; the'first is the
sample itself, anethe second is background radiation. That is:

,

Rtotal = RsaMple Rbackground

where

Rtotel is the observedbOunting rate

Rsample is ,the counting rate of the Sample,

and Rback ro nd is the counting rate of the background radiations.

The background counting rateis determined by counting with the detecting

unit empty. The specific method used for correction depends on the
detecting unit used but in general to determine the true count of any
sample the background count is subtracted from the total count.

,

. .

Random Fluctuation Error. The decay of an individual atom in the source
being counted is a matter which is totally unpredictable. It may be said
that the decay of an atom occurs at nandqm. In spite of the individual

r,andomness of the decay process in the source, .the number of decays observed
from a source cpnSistimg of.'a Large number of -atoms tends to conform to a
certain expected,valne. -This tendency to approach an expected :thane becomes
count as an estimate of the expeCted count.- ez

,This random fluctuataon of the observed punt aeout the expected count
introduces an error into. scaler counting results'. The err-ir is inherent'

':id,the nature -of radioactive decay.. A in non-preventab/e. Since the

amount of the deviation of otiserveatount from expected count is not
predictable,, it.is impossible, to introduce a correction for the error.' The

'only recouraejs to count a sufficient number of decays so that the effect
of the random fluctuations is reduced to negligibility, the observed courit.
then approximating closely the expected count. However, In practice, this' "

t is seldom feasitla, but after a numberirof'counts have been made we can
calculate the probable error. .Thiscan.bedone by use of the graph on

, page 2:18 of Pam 25. InstructiOnS,for use of the graph are contained in

,Pam 25.

.1 1
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',SAMPLE HOLDING tiEVIC*S,

DETECTING
ELEMENT

ti

OURCE

G. All the equipment shown above will be contained in a lead 'pig
so as to reduce the backgiound radiation. the; sample holding device

.
may visnsist of lucite blocks with grooves in which samples can be
slid in and, ou,..

,,

Scintillation well

Reference'.
Mark

i I,

serribly5. gives c.lositO160,1% geo
by

t I

marking the sample luilderand Opening
.
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II. Lesson Objectives -and 114es:*,
,

. ,

A., Sealer counter-s, their use and capabilities
' 4

Operating fOltage and resolving time determination.

7

B.

Aar

.

_ .

a

1

AZ;

A

476'
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STUDENT NO.

CLASS

DATE

1.

-. INSTRUCTOR

4

1

/LABORATORY EXERCISE

SCALERS

OPERATING VOLTAGE AND REspufNG TIME OF A GM TUBE

r

A

1

I

O

277,
284

T

C.



III. Laboratory Exercise. \

1,

O

A. Determination of Operating Voltage.

1. Check to be sve the cord from the GM tube in the lead pig is
q plugged into the receutacle marked "GM" at the rear of thescaler.

-;

2. Make sure all switoneS are OFF.
1

I o

,3.. Make sure the line cord from the scaler is. plugged in.

4. Turppower'switch ON.

5. Make surethe high voltage control is fully counterclockwise.

6. Turn high voltage power switch ON (voltmeter should register about
300 volts).

7. Depress reset switch until all glow tubes resister "zero."

Co

8. Turn count s4itch'Into the UP position.

9. If timer la/not operating, depreis the:Switch on the timer.
1

10., Open the door of the lead pig and place the stclioactive source in
one of the grooves,(usually'second from the top).

11. Rdtate the high Vq1tage control slowly and stop when the right-
hand glow tube first starts to register counts. -Decrease the
voltage 50 volts. This is the starting potential.

' 12. Depress the count switch and zeio the timer.

13.. Turn the count Switch up 9p1 take a 2- minute count, turning timer
and scaler, off with the count".sw?tch.

111.. RecOrd the number-of counts and the voltage on thepita sheet.,

15. Increase high voltage by 50 ';_iolts and talce a 2-minute count.

,.
16: Record voltage and counts per minute..

17. Zero dcade tubes and time .1"

18. Repeat, Steps 151 ,through 117 Unti a 500 count
ovei, the reviipus count is 'reco ed OR Until

, -
by the in ructor is reached. DO-NOT EXCEED

pet- minute increase
a voltage specified
this voltage,' *1

278
a

285

a'

I



r

r
$

19. Turn high voltage control knob fully counterclockwise.
o.

Turn high voltage OFF.

21, Turn poi7er'OFF.

22. Remove radioactive source from lead pig.

PROCESSING DATA1

Plot ebunts.per minute VS voltage ..on linear graph paper (will be furnihhed
by the instructor) and draw a smooth line plrough the points. The result- ;

ing curve will be characteristic for the GM tube used. The operating
voltage can now be selected on the flat portion of the curve, ohe-third of
the distance from plateau-beginning to onset of continuous discharge.

i

A

. I

4

, p

V.

286,



B.. Data.

IIISTRUMENT MAKE' MODEL

,

. DATA FOR PLOTTING GM PLATEAU

I

SCALER NO.

[ VOLTAGE

,

TOTAL COUNTS

.

TOTAL TILL 0144.-

, . , . .
.

I .

a

.

....
I t

I .

. .
f .

.

..

s;', I a ...

t .
.

.

g .

.

6 . f,

.
-

,

. e

,
il . '

.
6 .

, .

N
1

.

4

.
.

. 1

: ,
.

,

, % r

o,

'r
I ,

I 1

'1i..

f

% ;

t
.

.

,

Operati

.

voltage.

O

'volts.

287
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.1,

C. Detertinatio4 of Resolving Time. t

Data for the resolving tlme determination will be obtained as outlined
in paragraph 12.8 of ST 3-155.

1.' Obtain a hailldling tool and twor(2) radiation sources from the instruc-'

-tor. The sources are on a fouble-holed plastic planchet holder.
e

2. Remove the left source with the handling tool a d place it on a piece

of paperon the lab bench. Place the right source and planchet on
the third shelf in the lead-pig with the planchet to the right rear

and count. This is etie value for R1.*

3. Carefully remove the source holder from the scaler counter and place
.the *second source on the holder (left side) with the first source. V.
Replace the holder into the scalar in the'identical position as
before and count the combined sources. This is the R1,2 value. *

4. ReNve the right source and count the left source by itself. This

is the R. value.*
.'

5. Remove the planchet and run a background. count.*

6. Calculate the resolving time of the GM tube.

r.

41

t ount for 5 minues pn:all readings',

I
Yl.

11.

ti

1

281
288
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1
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Bc '.. on b =. ._

_

TABLE I

Total Count

I

4

-r

t .

-
1 1, 2

_ 1-4 _ rj
'1, 2 1

CAI,C 1'1

I

4

4

Z89 .1

4

(1)

.

4
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,-
Graph Coristruction.

I ,

g'graph of served counts'per minute (R0) versus counts per minute

to be Added can be constructeed on log -log graph paper. When
the constructed c rve (straight line) is employed, the trille counting

rate (R) '.11-LAY be ob ed ky .adding to any given value of po the, value

of AR corresp?nding 't R o''r.Aad from the graph.

, ___--r-'

C" From the equation' R - Ro = AR
,..

where', AR, = The correction factor in cpm to be added to ll!

' . observed counting rate.

/ .

. .

a
. R = The true counting rate, cpm. 44

4

e

A 4"

,

, Ro ' = The observ'bd counting, rate, cpm, ,

2
1R

AR = ° (2) '(SeA pEira 12.8, ST 3 -155)

1 7 R- .r.
'.

then:

Use the values of obtained, in C Above and complete Table II by
substituting the listed values of R9 in equation 2 above and solving

forthecorrespOntingAR.Flottheto,and AR pairs on the log-log ' I.
graph mvided; the ,observed count (Ro ) is' plotted on the verticd1

0 axis and the Counts to -be. Eldded.',,t.o R (SR) on ,the horizontal axis.
.

.

TPIE II
.,

,.'
' A

`,3

Ro (;Cpm) ER(cpm)

,',..,

10,oco -
,

--,

33)060
4 1". ,

____,.:

a

A e0 -,'

50, 00t.)- 1 '
1,.

el

.o .
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r.

IV. Problems - Entroduction to Scaler Counting. .

1. To determine the resolving time of a particular giAltube, the following
data were obtained:

R
1

. 8,500' cpm t . R1,

/
.

= 13,420 cpm I

R.,?. = 7,000 cpm fi R.15 = 40 cpm

C

a ,. , _

a. Calculat(, , the resolving time of the tube. .,

$"7 o'

4

O

A

d.



0

414

b. The obseved countv('negligible backgiound), of a particular sample

using this tube
t

was 500 cpm. What would to the true count?

t

at

It

Al*

or.

c. Another sample gave an observed count (negligible background)
of 20,000 cpm. Calculate AR (counts to be added to the observed
count to obtain the 1011te count) for this observed count.

,

L 4

o

.40

286,
295

.91

I

2

A



<.

d. Calculate the maximum counting rate in t cpm of this GM tube.

7

I

I

4. f,i

2. A known source hat a disintegration rate of 5,'000 dpnn. When counted
7111 a s aier the observed count was 750 cpm: What was the efficiency

ic
of t e scaler tounter?

.
.7

0!,

. ,

a.

287
296

s



4.

1

c

3. An unknown source counted on a scaler counter had an obserired counting
trgte of 7,400 cprn. overall efficiency of scaler was 10%.
-mr

What is ihel

I

disintegration rate of the sample?

.

b. What was the activity in microcuries of the abcre sample? -

r

Z.

O

288,
297

t

' ,



Jr

4.

4. A certain scaler had a resolving time of 1 x 10 min/count. An
observed counting rate of 100,000 cpm was obtained on thia'scaleT.
90% of the total disintegrations of the sample were lost due to

geometry and sensitivity errors. HQW many micrommies .are present

in the sample counted?

289

298

=4.

40



V. Solutions to Problems.

1. a. = 2
R1,2

500

1.8o(106

R -
3),2 D

R22

- 131;20 -

0.723(10)8

2040

00587. (10)v

2 444----9122.°3

0.587--(.10)§-

3,47(10)-5 Mln/count

R
a

500

500)(3)+7 x to-5)

500
R

1 - 1.74 (10),

. 500

1 - 0.0174

-2

0

299

0.49 (10)

4

. 4,

,

/

I

.01

A



L.

c. AR =

AR =
1 - (3.47

r
3.47 x 1

1.388 x 104
AR =

5)(2.0 x 1002'
10 -5)(2.0 x 10

1. - 6.94. (10)-

1.38a-(10)4
AR

0.306

R' 55)c-
...

I

,
Amax

1

3,47(10r

Rrnax 2.881,1o)4

observed co2.. Eff disintegrati

7'50,
5000

= '0.15 or 15%

'

4

4

.,±

It

Y.



R

3. a. Eff = dpm
R
o

'dpm = Eff

dpm =
7400

0.1

dpm = 7.4 x 104

b: (7.4 x 104 dpm) (15.211)

4. Resofying time, correction.

2 1,

AR. - - R
o (-

(19,5)2-(10-

. io5(io-6);-"'*

14'
0.9

= x 10
4

counts lost

1µC -2
) -4. 3.33 x 10= gCi

3.7 x-10 dps

Counts corrected for resolving time.

R.'= R
o

AR

= 100;000 + 11,100

R = 111,100'

Geometry and energy correction-.

111,100
dpm =

= 1,111,000 dpm

= 1.111 x 10
6
dpm

1.111 x 10 min
dis /1 min 1.( I gCliL

sec1 o0 sec' 3.7 x 10'

292
4i

301

0.501 gCi.
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DF212, CHARACTERISTICS AND DETECTION OF NEVTRONS
,

I, References and Discussion.

: lieferenc'es: DA Pam 39-3, pars 67, 8.93-8.97, 9.11, 9.31-9.39;
ST 3-155, pare 4.4, eh 11.

B. Discussion:

1. General.

Neutrons have properties which make qem:,important in contemporary
science and technology. Because they'ire uncharged heavy particles,
neutrons induce many nuclear reactions which*are a valnable.source
of information about- the nucleus, The most striking use of neutrons
is in the chain reaction involving fissile materials in nuclear
reactors and in weaponry.

-There are no radioisotopes of
practical significance whiCh emit

neutrons directly, except'during"the fiSaioning 4f certain heavy,
,element isotopes. Neutrons can be produced indirectly, however,_
by a number of nuclear processes involving charged particles or
energetic gamma photons as projectiles.

. -The absorption of an alpha particle by the nucleus of-beryllium-9
with the subsequent emission of a neutron is one example5 and may
be written as follows:

?Be' + 4He In + 12c :t 5.70 me,/

or 9 13.
(a n) 12c

Although a small-pert of the 5,70 Mev energy is imparted to the
product nuclei in recoil, most of the energy is imparted to the
emitted neutron.

2. , Classification of Neutrons.

Neutron energy is an important factor in the interactions of neutrons
with matter. We therefore classify neutrons,abcording to their
energies. The terms "thermal," "epithermal (slow and intermediate),and "fast" each represent a! broad, rather indefinite,range of energies.
These energy ranges are:,.

a, Thermal neutrons (up.to 0.025 ev). Thermal neutrons are in
thermal equilibrium with their environment at standard tempera-
ture and pressure. ?

Slow neutrons (0.025 ev to 100 ev). Slow neutrons are at the
lower-end of the epithermal range.

294.
302



I

c. Intermediate neutrons (100 ev to 100 kev). Intermediate neutrons

complete the epithermal range and are the most difficult to detect.

A; Fast neutrons (greater than 100 kev).

3. INTERACTION OF NEdIRONS WITH MATTER.

For neutrons to interact with matter, they must either enter the nucleus

or,comesufficiently close to it for the nuclear forces to interact. The

reaction of a neutron with a nucleus{_ can be represented as

1
n

lef

ik-1.1
where X), represents the compound nucleus in an excited state. The -

Zexcess'energy of the compound nucleus may be removed by, the emission of

one or more particles.,
,

Processed in which neutrons are emitted are referred to as scattering

processes. The scattering is inelastic or elastic, depending on whether-

the nucleus is left in an excited state (nonconservation of `energy) or

in an unexcited s to (conservation ofenergy). In either case, the

neutron energy is degraded, the amount of degradation.being larger for

inelastic scattering.

'Processes in which neutrons are absorbed and a different particle or

photon is emitted are referred to.as absorption.

The_various mechanisis,by which neutrons interact with matter are:

a. Elastic scattering, (n, n)'. In elasticscattering the initial,

kinetic energsr.of the neutron is shared with the targei. nucleus.

The nucleus recoils and .is not_left-in an,excited spate. Energy

is conserved inthis_interatfon. The smaller the mass of the_

nucleus, the greater the fraction of the kinetic energy absorbed

by the nucleus. Therefore, light nuclei are better for blowing

,down fast neutrons.

b. Inelas'tic scattering, n), (n, nY ) or (n, 2n). This process

is energetically possible only for fast neutrons. The nucleus is

left-in an excited state and energy is not conserved by the inter-

.
action. However, the subsequent 1Rss ofthis excess energy of the

nucleus millisatisfy the law of conservation of energy.
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c. Radiative capture, (n, y). This absorption reaction is probably
the most common of all reactions, since thermal neutrons induce
this reaction-in nearly, all nuclides. Radiative capture also
occurs with a very high 'probability for a number of nuclides in
the epithermal range. This phenomenon is known7as resonance,
capture. The gamma photons emitted in the (n,le) reaction usually
have energies of several Mev.

d. Absorption with charged particle emission ;' (n, p),(n,d ,a) .

etc. This type of reaction.is most probable for light nuclides
and fast neutrons since thecharged particles /must overcome the
Coulomb barrier before escaping the nucleus. Important exceptions \
are the (n,a) reactions which are sufficiently exothermic to allow

,

the escape from the Coulomb barrier even with thermal neutrons.

The 6Li(n,Ct) and the 10B(n,(r) reactions,are in this latter category:

e. --,Absorption)aith,fission (n,f). The Compound nucleus splits into
two or more-fission fragments and one or more neutrons. Fiseion
occurs with thermal neutrons in 23J, 2

IJ
13 and 239PLI and withfastneutrons in many heavy nuclides. ,

f.' High 'energy processes. The bombardment of a nucleus with highly
energetic-(above 100 Mev) neutrons may result-, in the emission o'
a shower of many different types of particles. :

4. NUCLEAR CROSS SECTIONS

A statistical description of neutron interaction with nuclei can be
made through the use ofthe concept, of nuclear cross sections. The,
concept of a nuclear cross section cat be most easily visualized as
the target area'presented by a nucleus to an incident particle. The
"size" of this target area will depend upon the energy of the incident
neutron and on the particular target nuclei. This dependence on
neutron energy and the target type -is included in the nuelear cross

.section and measured in cm2. Since nuclear cross'sedtions often have
values on the orde'r of 1024 am2, this quantity was arbitrarily chosen
as the cross section unit; this unit is called a barn.

The physical significance of nuclear cross sections is that it gives
a relative probability for the ocqprrence Of a specific reaction. The
higher the cross section, the highet the probability that this reaction
will occur in preference to some other reaction with a lower value for
its cross section.
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5. NEUTRON SOURCES

There are no-naturally occur ing long lived radioisotopes which produce

neutrons. The production of neutrons therefore depends on,neutrod inter-

actions as distussed in par4graph 3. Some of the more invortantneu-

tron sources which you may come in contact with are discussed

a, Alpha-neutron source.
4

In an alpha-neutron source, an alpha- emitting isotope is mixed as

thoroughly as possible or combined in a chemical compound or alloy

with "a target material such as beryllium.. The selection of the

alpha-emitter may depend on a variety of parameters to include.alpha-

energy re4uired, half -Life anti cost.. Radium and polonium ate tom-

monly.used alpha emitters, although others. are attaining greater

utilization.
,

Various target materials can be mixed with an alpha emitter to'

obtain an alpha - neutron source. The prime parameter in target

Material seledtion is the neutron yield which' 4,8 different for

different target materials. The yield from A given target.mate-

rial also depends on the alpha 'energy. Alphas (5.30 Mev) from

polonium 210, producaneutron yields astfollows:

Target Neutrons per million alphas

Carbon 0.1

Lithium t 2.7

Boron 22.0

Beryllium - 77.0

The neutron.yield for a specific target material varies with the

alpha energy. An example.for a beryllium target material is as

Alpha Energy in Mev

o.
3.0

4.o

5.o

5.3

297
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Neutrons per million,alphas,

2.7

26.0

61.0

77.0
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Since a beryllium target produces a relatively large neutron
yield and is of low cost, it is almost always selected as the
target material for small portable neutron sourcea.

From practical and radiOlogical safety considerations the gamma
radiation output from an alpha-neutron source must be evaluated.
Gamma radiation may be present from the alpha-emitter, from the
decay of target nuclei left in an excited state .by the alpha-
neutron reaction, and from radioactive impurities in the alpha
emitter.

1

Exact gamma radiation outputs depend on the details of encapsula-
tion. In evaluating the shielding of these gammas in conjunction
with the neutrons; the gamma energies which vary with the type of
neutron source must be considered, in comparison with the relative
gamma output. Shielding against gamma radiation is usually requ ed
with Ra:Be, but not with Po:Be.

b. Photoneutron sources

Neutrons from a phot neutron source (y ,n) may be considered to be
monoenergetic for mo t practical purposes., Photoneutron sources
produce much lower yields per curie than alpha-neutron sources and
Are also less convenient to handle bee,ause of'the numerous and ener-
getic gammas. When a monoenergetic neutron source is desired, how-
ever, photoneutron s6ureer may be superior to alpha-neutron sources.

1

Antimony-beryllium b:Be) is a commonly used photoneutron source
due to its relative lY long half-life, high yield, and low cost.

c. Particle accelerator and nuclear reactors (fission) also produce
large quantities of neutrons when operational.

6. ASPECTS OF NEUTRON BOURCESOF PARTICULAR INTEREST TO RADIOLOGICAL SAFETY
ARE:.

\

a. Certain elements when Utricately mixed with select_ alpha emitters
or in close proximity to select gamma emitters will emit copious
neutrons.

4,
b. Neutron emissions are usually accompanied by gamma radiations of

varying inten4ties.

c. certain neutron sources involve the emission of alpha particles and
.the release of radioacti radon gas.

4. I. 29 3
06



,

,

/
0 I .

d. Particle accelerators, nuclear rbactolk, and nuclear weapons

are sources of neutrons. : -

e. Sealed neutron source capsules can leak and become a hazard.
The hazard is primarily due to the initiator, such as Radium,

which- may emit a' ,h av.1.-11d or i radiation. .
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where

1

.

EQUATIONS

0,08?

0/4=

I.

neutron flux (neutrons /sec -cm2)

Q. = neutron emission rate (neutrons/secr

d = distance from neutron source.(m)

2. Neutrofi dose (Title 10, Sec 20.4)

Dose = .0 x Time

neutrons/cm2 per rem,

t

0
a

308
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II. Lesson Objectives and Notes:

A. Characteristici of neutrons and methods of detection:

Calculation of neutron dose..,

*

309

331
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Notes:

A

4

III. Laboratory Exercise and /or-Handouts: None

312
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IV; Problems.

1. A certain neutron source has a neutron emission rate of

106'neutron/sec. What is the neutron flux at 1meter7
2 meters? 3 meters?

b. What total dose would be received in l'hour from the
above source at-each of the three distances? Assume
all neutrons have energies greater than 10 mev.

3j3
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. .

r r

, .

2. A neutron gun has an emission rate of 5 x 106 nisec: What is.the

maximum flux ofithis gun at the following'-distances:
,

.4 e I
,a:

A

100 cm? 't

b. 10 cm?

2 cm?

61,
314,

%.
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a.' What total dose should be, recorded if an exposure of

1004 x 10 njem2 were received from a neutron source

with the following spectra?
jo,

Energy Total Neutrons (%)

0.0001

0.1

2.5

r.

7.5

71.7

11.95

11.55

4,78

b. What Iotal dose would be recorded if the spectrum was unknown?'

3A
315 ,



V. Solutions to Problems.

-4

1. a. At 1 meter
O. 08 Q

d2

0. 08'(106)

(100)2

- 8
sec-cm2

At 2 meters
0 0.08(106)

(209)2 -

2 ri 2
sec-cm

At 3 meters
0.08(106)
(300)2

"

0.89 ri

sec-cm2.

b. One hour = 3600 sec.

Dose at 1 meter.

f; .

8 n
1

(3600 sec) ( I' rem
= 2.06 x 10-3 rem

I
sec-cm2 14X106 2

cm

3 06
116

= 2.06 mrem



$

Dose ,at 2 meters

(2 n -)(3600 sec)( 1 rem ) = 0.51 mrem
. sec -cm 2 14x106 n

-sec

Dose at 3 meters
I

2., a. 0

b.

c.

0

n - 1 rem
(0d) )(3600 sec)( ) = 0.229 mrem

sec-cm2 6 n
14x10 sec

0.08 Q
2

0.08(5x10 6
)

(100)2

40 n/ cm2/ sec-

0.08(5x106)

(10) 2

4.0 x l03 n/ cm2/

(0.08)(5x106)

(2)2

1 x 105 n/cm2/sec

sec

3J7
317..



3. a. Calculate total neutrons at each energy.

(0. 0001 Mev) 1004 x 106 n/cm2 (0.717) = 720 x 106 n/cm2

(0. 1 Mev) 1004 x'106 n/cm2 (0. 1195) r 120 x 106 n/cm2

4

(2.5 Mev 1004 x 106 n/cm2 (0.1155) = 116 4'106 n/cm2

(7.5 Mev) 1004 x 1 06 n/cm2 (0.0478) = W8 x,106 n/cm2

From 10CFR20 get values.of neutrons/Cm2 to cause 1 rem dose
for each energy.

Energy (Mev) Neutrons /cm2 /rem

0.0001 720-x 106

0.1 120 x.10
6

\ 2.5 29 x 106

7.5 .24 x 106
0

Calculate dose by dividing total neutron exposure by neutrons/cm2/rem
for each energy. .

Dose
720 x 10

6
120 x 10

6 116 x 10
6

48 x 106'

720 x10 120 x 10 29 x 106 24 x 106-

1 + 1 + .4 + 2

8 rem

308
4.e
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s.

heri', spectrum is uknowr 10CFRPO n1lows you to use the value
, -4E-- Ara'

to14 x 10
-6

n/cm
2

equal 1 rem.

Dbse =
Total.neutronsicm 2

Neutrons/cm 2 /rem

1004 x 106

14.x 106

= 71.7 rem

E

This would be the dose recorded if the spectrum was unknown
even though the actual dose in this case was only 8 rem.

3:J9
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H

.DF230:, SHIELDING PROPERTIES OF MATERIALS

I. References and Discussign: ST 3-155,para 4.10; Radl Saf Handbook aF230.

A. Review of Interactions of-0amma Rays with Matter.

1. Gamma radiation is attenuated by three processes:

a. 'Photoelectric effect - where the gamma photon strikes
the orbital electron and gives up allrof its energy to
the electron, ejecting it from the atbm.

b. Comnton°effect - where the gamma photon strikes the
orbital electron and gives part of its energy to the
electron. The remaining energy goes off as a weaker
gamma capable of producing more ionization before its
energy is completely used up. The ejected electron
acts the same as low-energy beta particles.

c. Pair production ..: where the gamma phatton passes in
' close proximity to the nucleus of an atom and is con-

verted into an electron and a positron. Later the
positron will recombine with -en- electron and produae
two other gamma photons of lesser energy whiCh will
be attenuated by the photoelectric or Compton effect'.

2. Since thephotoelectric and Compton effects depend upon.
,interactibn With electrons, materials with large numbers
of electrons per unit volume will make the best gamma
shielding materials. For this reason, dense materials
like lead, steel, and concrete are some of the better
shielding materials.

3 For gamma radiation to be attenuated the gamma photons
must strike an electron or pass very close to a nucleus.
The probability of this happening is not very great,
because of the vast amount of apace existing within any
material. Theoretically, tnen, some gamma photons will
alltays pass through, any amount of material iritnout being

. attenuated. However, we can appreciably decrease the
gaMma dose rate brusing good shielding materials.

4. Graphical Solution to Shielding Problems.

a. Shielding problems may be solved by a grap hical method.
Semi-logarithmic graph paper is-used tor this purpose.
The vertical scale is logarithmic.and will be used'to
plot dose rates. The linear horizontal scale will be
used for shield thickness.

320
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b. The first Step'is to markoff the axes of the graph paper.
Look at the graph Paper'on the next page. The dose rate
(log) scale is divided into decades, or powers of ten. You
must determine how many cycles are necessary toirepresent.
the range of dose rates of interest. To do this, take the
maximum dose rate'expected and the minimum dose rate expected
to determine the range. Then determine how may cycles (powers
of ten) are needed to cover this range. For example, if the
range is from 8 rad/hr to 80 rad/hr, two, cycles are necessary;
one. cycle frbm 1 to 10 ana one cycle from 10 to 100 as ,shown
on the graph on page `322.

c. To solve a shielding problem by the graphical method, certain.
information must be avaijable. The unshielded dose rate (so),
shielded dose rate.(R),shield thickness (X), and shield half-
.thickness (Xi) are variables which must' be determined,

2

,Half thickness is that thickness of a material required to.
'Teduce the unshielded dose rate.at EOpoint to one-half its
original value. Given any three of these the ,fourth may be
determined graphically.-

d. 'Example Problem.

Ns.

The unshielded dose rate at a point is 80 rad/hr. It is

desired to place a shield of half-thickneSs 10 cm in such a
way as to reduce the dose rate to,15 rad/hr. What thickness

of shield is required? 5

Solution: (See page 321)

Assume the shield has, zero thickness, the dOse rate will be
80 rad/hr. Locate the point corresponding to 0 thickness
and 80 rad/hr od the graph and mark it. Assume the shield
is 10 cm thick, since this is one half-thickness the dose
rate will be reduced to 40 rad/hr. Locate the point oil the
graph corresppriding to10 cm, 40 rad/hr and, mark it. Draw
a straight line through the two points located on the'graph.
This line rep ents the.dose rate corresponding to any
shieldthi ess for a shield made of this material. To

determine e.thickness required to reduce the dose rate,to
15 rad/hr, locate 15 rad/hr on the dose rate scale, read to
the right until you reach the line. Read, down from the line
tosthe thickness scale and find that 24 cm of material will
'be required as the shield.

.5. Mathem'atical Solution to Shielding Problems.

In a previous elass(1)F100)you were introduced to the shielding,
equation:

where

321

312

(1)



A fr
r,

_
1-

11
or

" 
m

i
I

E
N

ov
an

ur
m

il
Ili

al14

rr
h.

't

ttf
f11

1
1 

11
11

1
11

11
 I

.
In

11
11

11
11

11
11

11
11

11
11

'

11
11

10
1P

1
11

11
11

1 
Id

in
fi

lli
g

II
M

PP
M

PI
PV

IR
M

11
11

11
11

11
 F

P
I

ri
bh

iL
iii

i1
11

00
1,

11
II

1,
11

14
1 

11
11

1,
 1

11
11

1
...

...
...

...
.

A
 ..

...
.

.1
.. 

..
so

rs
im

g 
ap

in
 m

um
ur

n
11

1

II
I

[
...

.g
...

. K
w

ir
Im

p
,

II
I 

Il
l

I

II
im

m
iti

m
i

IO
U

I

M
I

ft
u 

1
i

M
11

1=
11

11
11

11
M

U
 II

 H
I I

II
II

I
I

I
m

ui
tte

au
U

M
 1

1
m

 p
i

n 
ill

 I
I 

d 
il

11
11

11
1F

E
N

N
II 

41
11

14
0

W
I

I
m

um
ni

1 
1

N
uo

m
m

um
pu

pu
pe

n
III

-
m

um

1

11
11

1

Im
m

er
io

ni
o

ri
tu

un
ri

nn
 I

11
11

11
11

II
1 

1

I
11

11
11

01
11

11
1,

11
 1

11
11

11
11

11
11

1 
11

1
11

11
11

11
1 

III
III

li
I

11
11

11
11

10
11

11
11

1,
4 

M
I1

11
11

11
11

 I 
I

11
11

11
1 

H
I

,
11

11
11

11
01

11
11

11
11

11
11

11
10

m

III
1

,
11

00
11

 0
il

11
11

11
11

11
10

11
M

4 
hi

ll 
ril

l
ill

ia
lik

ili
ll"

"1
11

11
11

11
1"

11
 I 

I
11

11
19

III
III

IIM
Ili

gl
ii

11
11

11
11

11
11

11
h

1

11
11

11
11

II

r
I

W
IN

IN
IF

/1
1 

I 1
11

11
11

1 
H

IM
 I

K
iln

 II
I

m
m

11
11

11
1F

A
M

IN
I 1

11
11

11
1 

11
11

11
11

1
Im

m
o 

11
.1

I N
M

N
M

 1
11

1 
III

III
IM

I I
I

1
II 

D
I

I
II

iii
iIi

lr,
11

11
11

11
1

11
11

11
11

10
01

1 
II

11
11

11
11

r
m

i

0
N

V
'1

11
11

11
11

11
 1

11
1 

11
11

11
11

M
III

ii 
H

i
ii

N
U

N
O

N
O

 II
I I

 1
11

11
01

I
II

11
 1

 I 
11

n1
p

II
m

a
II

11
 I

 1
1

1

Ii
11

11

=
O

lin
 M

M
O

M
I

U
I

1
11

1
M

IN
LU

N
N

11
11

11
11

11
11

1
M

O
N

O
 II

13
11

1
N

IO
U

0

re
l.

0
I r

ot
i

.ff
iti

..
.

N
. ,

...
...

 p
i

1
1 

1 
in

m
oU

 n
Ik

m
u

11
11

1
U

lU
m

11
11

1W
 U

U
1

U

IM
IU

M
P

IP
IR

1
M

1 
I

11
11

11
11

11
11

,1
11

11
11

11
11

N
U

 II
I I

ffl
uf

ill
rn

11
11

 I
11

0
I

II 
M

I U
11

10
i

if
II
I

I i

M
U

E
a

an
um

uu
m

uv
im

i
um

i
1

au
m

pu
lim

um
 1

 u
m

 m
ug

1

M
I

11
11

11
11

11
h1

11
01

n3
I

11
11

Ill
i

i
IN

N
11

11
11

11
11

11
11

M
ul

11
I I

IU
 1

11

IN
11

11
11

11
P

31
1

11
11

11
11

11
11

1d
1U

11
11

11
1 

M
I I

lg
v

III
IP

III
III

III
IIN

U
M

III
M

IU
M

bu
i l

ia
III

rI
O

N
N

IN
II1

41
11

01
0H

IIM
II

C
ill

ik
i 0

11
10

11
11

11
11

11
11

11
11

11
11

1!
la

h1
11

11
10

1
pp

it
up

im
lim

um
ul

e
ol

ai
nu

nu
l

Ill
 u

m
 u

ll 
m

i
11

11
11

11
10

11
11

11
11

13
11

 1
11

11
11

11
m

l
di

l
II

II
11

01
11

1f
ill

10
01

1 
III

 II
I 1

11
11

1
II

11
11

11
11

u1
31

11
U

U
.

I



114 Sh elded dose rate

Unshielded dose rate

= Total linear absorption (attenuation) coefficient

X = Shield thickness

S

You alpo were shown the relationship of half-thickness and the

equation

X2 ,0.693 (2) was developed.---77
11

This expresSion is energy dependent because ;I varies witt the
energy of the gamma ray under consideration. In order to obtain

an equation which may be used for, an approximate solution, it is
necessary to assum a constant energy spectrum which would make

inde t of. ergy. If this is done, we -may rewrite

equation (2).
.,

-Th,-
. . 0.693'

(3)
X). '

. 2

subst*uting into equation (1)

j0.X69
3) X

f

R = Roe ' i 00 s.

.,

.

ff

taking lOgarithms

ln R = ln R .77. (0.693)

but 0.693 = ln 2.So

e. X
In R = ln R

o
-

Xi
In 2 (6)

; 1-
, -.

TakinOntilogarithm of the above expression we get

(5)

R =
X

2 2

X
If we let n =

XI

equation (7) becomes

R = R0

2
n

(81

31.4
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Equations (8) and (9) are the equations we will use to solve 'Shidlding
problems for field approximation.

6. Use of the a Tables.

The table in ehe back of the Radiological Safety Handbook in the Radio
logical Safety Handbook Supplement, and in ST 3-155, pages 50-51; lists
values of 2n corresponding to a range of values for n. It is desirable
to sa°e-side the answ,rs to out shielding pri?lem so, rather than inter-
polating between values in the table, a guide is provided for selecting'
values from tne table. This guide appears at the top of the 2n Table. 1

Tne use of the guide for safe-siding depends on the variable whiCh is
unknown. For example, if the thickness is Unknown, find X in the "unknown"
column. read to the right. Find that you should enter the table with 2n, _

select the larger value of 2n andfleave the value of n corresponding to
that 'larger value.

T. Effect of Shield Position on Dose Rate.

a. Due to the scattering which occurs when a'beam of gamma rays passes
through a shield (Compton effect) there is an angular distribution
to those radiations emerging .from the shield. If the shield (see
fig 1(a)) is placed floseto,he detect6r, .w number of scattered
radiations dill contribute to the dose rate. If the shield is
placed furcher away from the detector

shield

diagram Detector

Figure le (a) ,Detector close to shield

Detector

4

(b) Shield further from detector

a number of the scattered radiations datened when the shield was'
close to the meter now arenot detected. This gives a lower dose
rate than that seen originally. This phenomenon is known as dose
rate buildup.

324



The equations discussed previously in paragraph 5 donot,hold'
when the detector is close enough.to the shield that dose rate
buildup is observed. For this particUlar problem a correction
must be made to account for dose rate buildup. The dose rate
buildup factor "b" is applied to Equation (1) to obtain

R = bRoelix (1,3)

This buildup factor may be determined from chartsin Pam 25.
On pages 145-1.47, Pam 25, are the dose rate buildup factors for
various materials.

When a dose rate buildup chart is not available for a shielding
material, an approximation may be made by substituting the
value of µx for Jp. However, - if ?Ix is less than 1, use 1 for
b (i. e. , ignore 'dose rate buildup).

b. Another method for accounting for dose rate buildup is found
in FM 3-8. This section is self-explanatory and contains an
example problem which you should go through to insure your
understanding of the method.

316.
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II. Student Performance Objectives and Notes.

A. Given text, references, student notes, the radioisotope,
number of curies, and specified shielding material, galcu-_
late the thickneis of shielding material (or materials)
necessary to reduce the dose rate to a given level. (Be
capable'of performing all types of basic shielding problems.

B. Using texts, references, student note's, a;known unshielded
dose rate, and radiac instruments, perform laboratory-measure-
ment using various shielding materials to determine the,half-
ihickness of these 'shielding m'aterials.

Notes: .s

1

317
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III. Practice Problems.

It

4

GIVEN: Ro = 2000 rad/hr

X = 31 cm
. ,

X
1/2

4 cm:

FIND: .13

2. GIVEN: R
o

.4!0....rad/hr

X = 27 cm,

7.60 'rad /hr

FIND: X1,../c/,

318 330





5.. How much lead is "necessary. to reduce the gamma dose rate to
2 mrad/hr at 4 meters from a 20 curie source of Cesium-137?

,6, What will the gamma dose rate at 3 meters :from an 8 curie
_source of Iron-59 be if it is shielded by a 5 cm block of
Spelt uranium?

1

A

:320 -

332
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7. How mucl water fill must be used to insure the dose rate at
the top o; a 4 meter deep pit does not exceed mrad/hr if a
15 curie 00Co source is placed in the bottom o the pit?

W

.1,

A.

3:;1

333
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IV. Solution to Practice Problems.

1. Solve equation n = for n.
1/2

X 31 cm
= 7.75n =

X
1/2

47;

EnteY 2n Table in the n column and find n = 7.7 and 7.8.
From the guide table select smaller n value of 7.7. Read

corresponding 2n-value of 206. Substitute R
o

and this 2
n

value in equation (1).

R -
2000 rad/hr

= 9.71 rad/hr206

2. GIVEN: R
o

1000 rad/hr; X = 27 cm; R = 7.60 rad/hr
4

FIND: X
1/2

o
First solve R=

R

for 2n.
2
n

2
n

=
R
o 1000 rad hr

R 7, rad hr
= 132

Enter 2n table in 2n column and find 2n = 128 and 136.

From guide table, select smaller 2n of 128. Read corresponding
n value of 7.0. Substitute X and this n value in equation (2).

/ X
1/2

-
X Focm = '3.86 cm.
.n

3, GIVER:, R0 = 1500 rad /hr; X1/2 = 5.5 cm; R = 3.5 rad/hr.

FIND: X

First solve equation (1) for 2n.

2
n

-
1500 rad/hr

- 429
3.5 rad/hr

Enter 2n Table in 2n column and find.2n = 415 and 445: From

guide table, select larger 2
n
,of 445. Read the corresponding

n value of 8.8. Substitutedk1/2 on this value in equation (2).

X = nX
1/2 (8..8)(5.5 cm) = 48.4 cm

32,2
334



f.

4. GIVEN: X = 60.0 cm; X1 = 5.20 R 5.00 rad/hr
2

FIND: R
o , 4..-

...-,..-.1.,,
m

First solve equation (2) for n.

X 60.0 cm

n X1 5.20 cm
2

11.53

Enter
N.

2
n
table in n, column and find n = 11.5' and 11.6. From -n

Guide Table select large n value of 11.6. Read corresponding 2
value of 3110. Substitute R value and this Value in_equation (1).

Ro = R2n = (5.00 rad/hr).(3110) = 15,550 rad/hr

5. R
o

=

R = 2 mrad/hr

X

Xi =

Find Ro. 'to to page 399 of Pam 25 - decay scheme for 137Cs.

From the scheme E = 0.6616 (93-.5%).

S = 0.56 n CE

S = (0.56)(0.935)(20)(0.6616)

S = 6.93 rhm

S 6.93 6.93 0.434 rad/hr or 434,mradihr2 7.7o
= -

d
2

(4)-

Find Xi. Go to page 303, Pam 25 - find most energetic gamma
(> ap for 0.662 Mev in lead 'from page 138.-

11/P for 0.6 Mev = 0.1250 0.662

dp for 0.8 Mev = 0.0885 0.600

0.2 Mev 1'0.0365 ,0.062

62 31
200/ 100or 0.31

32,3
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0.31 x 0.0365 = 0.0113

Rip for 0.6 Mev = 0.1250
-0.0113
0.1137 = pIP for 0.662 Mev

p for_lead = 11.35 gmicM3 (page 65),

= pip x p = 0.1137 x 11.35

= 1.29 cm

=
*0.693 0.6.93= 0.537 cm1.29

Find X.

2n

Ro_ 434
= 217

R 2

n = 7.8 (using large 2n)

X = nXz
.6

X (7. 8 ) (0. 537 cm)

4.19 cm

6.. R
0

X = 5 cm

Xi =
2

Find Ro. Go to page 388 of Pam 25 - decay scheme for
59

Fe.

E
yl

52
....

A E

= 1.095

= 1.292

= 1.435

(53%)

(45%)

(Lilo): not tii.edR-Tc.

324
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S
71

= 0.56 n CE

= (0.56)(0.53)(8)(1.095)

2.599 or 2.6 rhm

S
y2

= 0.56 n CE

= '(0.56)(0.45)(8)(1.292)

= 2.604 or 2.6 rhm

=
1

+ S
2

2.6 + 2.6

S
T

= 5.2 rhm or 5200 mrhm

S 5200 52
Ro
00

578 mrad/hr.
9d

2
3)
2

Find X1. Go to page 248, Pam 25 find most energetic' gamma
-(>!3%)f p/p for 1.252 Mev

p/p for 1 Mev = '0.0776 1.292

p/p for 1.5 Mev = 0:0548 1.000

0.5 Mev 0.0228 0.292

0.292
0.584

0.5

0.584 x 0.0228 = 0.0133

. 0.0776
-0.0133 t

0:0643 = p/p for 1.292 Mev
. . ,

p for Uranium = 18.68 gm/cm3

P. = p/ri x P = (0.0643)(1868)

.
1--

p = 1.2 cm

0.693, 0.693. 0.575 cm or 0.58 cm
IA r 1.2

I

'n

r I

' ,

X , 5

P 675U
8.62

325
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smaller value - use 8.6.

2
n

Bo 578 mrad hr

2n
3 5

.

R = 1%5-mrad/ht,

R
o

= 2 mrad/hr

X =

Xi =
2

Find R0. Go to page 389, Pam 25.

E = 2.5057 (99%)

R
o

S 0..56 n Ci E

S = (0.56')(0.99)(15)(2.5057)

S = 20.8 rhm

s

d2

20.8 20.8= - -
()2 1.3 rad /hr or 1300 mrad/hr

Find X1. Go to page 249,'PaM 25 - find most energetic gamma

(>%3)f pt/p for 1.332 Mev -

dp for 1 Mev = 0.0707

1-1/a for 1.5 Mev = 0.0575
4

0.5 0.0132

0.332
0.5

0.0132 x 0.664

0.0707(11

-0.0087e
0.06194

664.

-7 0.00876

1.,332

=1.000

0.332

41 for 1.332 Mev in water.

326.
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p fQr water = 1 gm /cm3 (page 66, Pam 25)

= P./P x p,
»..

= :o.061§4 x 1

= 0.06194 am-1

0.693
Xi

)0.06194 = 11.2 cm

Find X.

2
n

R
o 1300

650
R 2

n = 9.4

Use larger value.

nXi

(9.4)(11.2)

105 cm

1.05 meters of

X =

X =

X =

X =
c

water in, the pit.

327,
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V. Laboratory Exercise.

. I

.,

A. Instructions.

1. The purpose of this exercise is to determine the half-
thickness in centimeters and ,relative order of shielding
ability for the materialslisted on the Data.Sheet.

*2. Perform a pre-operation check of the radiacmeters, and turn
the selector switch to the 0 to 50 mrad/.67gcale.

3. Tte radioactive source is located in ,the center of the
shielding device. There are twelve arms on'the shielding
device,'each arm has a carrying hook on the bottom for
holding the various shields. Place the radiacmeter on
the floor under one of the arms. Move the radiacmeter
until an unshielded reading of140 mrad/hr is obtained. ,

Enter this as the'unShielded dose rate (R
o
) on your

data sheet.

4. Place a-shield on the carrying hook and move it until
tYe shield is close to the meter.' Adjust the turnbuckle

on the arm support cable, if necessary; Until the shield,.
almost torches the floor.

5. Move the shield slowly away from the'meter observing-the
meter dial continuously, 'Note the minimum reading
:obtained while the Shield traverses the length o? the
shielding device arm. .Record this minimum reading as
the shielded dose rate (R) on your data sheet. Obtain-
ing a minimum reading helps minimize effects due to
dose rate buildup and scattering from the surroundings.

6. Using a Meter stick or fule,measure the shield t ckness in
Centimeters and enter it in your, data sheet under
In measuring the thicknesS of the shields, include the

dilor thickness of: lucite,codtainers for sand and water. .

These lucite containers have,a minimal thickness; there-
fore, it is more correct to measure them than to neglect
them.

329
341.
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t

B. 'Data. ' 1'

_
.

Instrument Type

Instrument Serial.

DATA SHEET - SHIELDING
.

. Date
.

No.
.

SHIELDING
MATERIAL

(R0 ).

UNSHIELDED
DOSE RATE

(RY
SHIELDED
DOSE RATE

(x)
THICKNESS
OF SHIELD

s

(Xi)
HALF-
THICKNESS

,

UNITS mrad /hr

.

LEAD '

.
4 . . ,

WOOD
,..

<

STEEL
-.....

,

.

.

CONCRETE
.

. .

'

, .

SAND

.WATER, .

.

ALUMINUM' . .

LUCITE., _
.

,,

40

1

What is the relative order of ;shielding ability of the materials tested?

'Lead

Wood

Steel

Concrete

Sand'

Water

Aluminum

Luoite
330
342
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C. Homework Problems.

ti

I
These problems will be turned in with the Laboratory Exercise as a
portion of,the graded requirement for this course.

SECTION I - Problems using 2n Procedure.
r.

1. It is desired to construct a wall of reinforced concrete to
provide shieldingfor certain instrumentation in a reactor
room. The unshielded dose rate at the position to be occu-
pied by the instruments is 200 rad/hr when the reactor is in
operation. It is desired to reduce this reading to 100 mrad/hr.

a. What ks the
)
thickness of concrete necessary to provide this

'shielding if the half-thickness of concrete is 10 cm ?,

b.

Co

What would the dose rate be if 6 feet of concrete were used?

:3

Suppose -a laydr of the wall could be made of lead plate
2 cm thick. What thickness of concrete would be necessary
in addition to. the lead to meet the oriati requirement?
(X

1/2
'q lead = 1 cm)

331
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2. A radioactive source (5 rhm) is being stored in a lead-
walled cave. How thick must thesewalls be so.that the
dose rate 1.5 meters from the source ip such that the,Area.,:
beyond this distance will not have to be marked "46 radia;
,tion area" (see Title 10)7; Xi/21ead = 1 cm. r'

r .

..#

The.dose iiate at a point 1...75 meters,from a radioacti-Oet,. .

source is 1600 Mrad/hr. If avail 60 cm thick iserected .

90 GM from the source, what will be,the dose rate at 1.75
meters ..1.,f the half-thickness oT the wall material. is 20 cm?

-.(Neglec'E.dose rate buildup.) ,

. -
,1

-

ro

4'

0

.

-,332

c

0
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4. . A man standing 5 meters from the outside of d storage vault
receives a dose rate of 18 mrad/hr. How many centimeters of
concrete must be added to the shield,such that the dose rate
hereceives will be reduced to 0.8 mrad/hr? Assume half-
thickness of concrete. = 7.5 cm..

. 60
5. You are required to atvault to store .Co. The outside

face of, the vault wall must be 4 meters From the, source. The
urtihieided-doA rate at )1: meters from the ,source is rad/hr...

The wall must be capable of redielcin the'dose Date to 5 mrad/hr
b,t the outside Face of the wall. You, Piave on hand concrete

blocks 9 cm thick, and loose sand. You decide to build a double,
wall of concrete blocks tak,:be. filled in with sand. How thick.
(in_centimeters) must the layer of sand be? (Neglect doge
rate bVildup.)

,

ASSUME; Half-thickness of concrete .71.5 cm

Half-thickness of sand , = 12.5 cm
. z

1

I

.

t

.333
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C.

6: What isthe half-thickness of air for 1 mev gamma radiation?

1

Density` of air = 1.3 x 10-3 (gm/cm3)

MIRSE attenuation coefficient = 0.061 (cm2/gm

A

1

7. You are planning a riot ceil'tO handle gammq emitters it the*
0.1-5 key energy range. The largestsources'to be nr,Adlee,
will be 5000 rhm and the nearest they, ill come 'co The in-
side of the wall will be 50 em. Neglecting d;isP. buildup,

the dose rate 2 meters from the inner surfae,e.of the wall must

not exceed 5 mrad/nr. The inner portion of the mall will be
a 2 cm ',hick sheath of lead. The -rest. the,wall will be. of

concrete of density. 2.8 picm3. How thick must the concrete
be? (Use table on page 139, Pam-25, for concrete, use table,,
on pee 138 for lead.)

334 ,-
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8 As radiological safety officers, you have been given !

an unknown single radionuclide. UpOn receipt, one of

your assistants measured the dose rate, unshielded, as
beiAg'980 mrad/hr at a distance of 2 meters. Six days

later another of your assistants measures thb dose rate
as 160 mrad/hr at a distance of 3 meters. What is the

half-life of this radionuclide?

--1

0, .

33i
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..I. Reference: ST 3-155, Chapter 9,. --,

A.

,

4 f '
. D41,, SCINTILLATION INSTRUMENTS

II. Les'son Objectives and Notes.
,-,, ,,,,,,

/
.!

A. Explain the theory Of scintillation.

B.' Describe scintillation instrument capabilities and limitations.
. ,

s.

,

".v

e

-n

R

.

.

A

,

tr i 4 ''' .

...

...

n "t_
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Definition of Terhs Used in
Scintillation Detectioa of Radiation

Scintillation - physiCally emits sparks.

2. Luminescence- release of absorbed energy in thd form of ultraviolet
light, visible light, or infrared radiation.

3. Fluorescence - luminescence that occurs within 1 x.10'6 sec after
the absorption of energy.

4. 'Phosphorescence - luminescence that occurs after 1 x 10'6 sec (and
may be as long-as several days) after the absorption of energy.

5,- ,Chemiluminescence 7 chemical absorptionipfrenergy later released as
light.'

"

6. _Bioluminescence - chemilumikescence in living organisms, ie., firefly.

7. Photoluminescence - absorption of ultraviolet light, visible light,
., ,.. or infrared radiation later released as light.'

8. -Radigluminescence or Roentgenol inescence - X or gamma radiation-
absorption later emitted.as lig t.

/

9. Trindluminescence - absorption of energy from grinding or friction
later emitted as light.

J.

10. Thermal Lumineseende , absorption of heat later emitted as light.

' 11. Thermoluminescence - process of 'emitting absorbed energy when heat
is applied to the material.

12. .Activator - impurity added to lwminescent'material to shift the
electromagnetic emission from the ultraviolet to the visible light
range, An example is Thallium in Sodium iodide and is indicated
as Nar'(T1).

13. Photoelectron - electron that rrives all the energy of gamma or
X-radiation.

14. Ground State of Electron - normal energy Ievel'of electron.

gxcited State of Electron - permitted'higher energy level of an
electron but still not an ion state. <

16. Photomultiplier Tube - an electron,tubd with a light sensitive
1 cathode used,to-detedtlight

354
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17. Photocathode - the light sensitive cathode of a photomultiplier tube.
Cesium_antimogy is an example.

lid. Dynode - electronic paA of photomultiplier tube that performs both
as a cathode and anode. ,

yi

-

340
355

r.



Glass Env'elope

Path of
Electrons

First Dynode

Dynodes

PHOTOMUITIPUER TUBE

Sodium Iodide
Crystal

`.Photon

Photocathode

Aluminum

Electrons

Grid
Focusing- Shield,

Last Dynode

356

341

Anode



Glasi Erie lope

1

.

Path of
. ',Electrons

e

PHOTOMULTIPLIER TUBE

i .

S-odivm loini ;
, .Crystal .

First Dynode

,

Dynodes

,
..

357

342

. .

Light Photon ,

Photocathode.

Aluminum

It

Focusing. Shield

I

, ..

Las Dynode

Anode

"0

1'
o

i



-

ti

t

'

t
4

IP

0

AL,PHA, iNT.RUNIENTS9

,1

.1

I

I

4.
1

A:
1

1

J

313

1



#

9

DF250, ALPHA INSTRUMEI'TS

I. Reference: ST 3-155, Chapter 10, Appendix I, Section C & D,
Appendix IV; V, and VI.

Lesson Objectives and NOtes:

,A. Characteristics of alpha contamination.

B. Alpha Instruments and their use.

C., Methods of reportiiik levels of alpha contamination.

t.
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Laboratory Exercise:- Irone

v. Problem.1.

e

Class and Hone Study Problem.

The following readings were obtained by accitors at an accident site.
What are the levels of alpha contamination for eachreading?

. .

Meter pg239Pu.,--V. .ype of .

Instrument ,Suifeice

a. IK-110 Soil 204,000.cpa
. ,

. b... 324-270 , , Wood floor -1,080,023 cpm

c. IM-170 Jeep bond 1,3413,b0? cgs
{ .

d. IR-170 Hard surface 4t-
J road 1 '952;003 cpm

i

3 4 7.
366,
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V, Solution toProblem.

'

4

,Solution -to Class and Home Study Problem.
r

General: u82 9Pu = R(CF) .

where, R = Meter, Reading

CF' =, Correc,tion,Factor

therefore:

Correction Factors*

1

1

a.

c.

d.
.1

200

54

''.bleter Reading

.204,000

1,080,006

11/4."

1,346,00.

*Obtained from Table 12 ST 3-155.

0

952,000

318
367

ug239Pu
M2

1,200 .

4,500'

3,350 ,

C



I

ti

TI-1ETARMY RAD I AC INSTRUMENT
CAL 1 BRAT ION SYSTEM

9

^,349

/-

I

1.

I

.1



.

P.
., '." .. .

DF260; THE ARMY INSTRUMEI4T CALIBRATION SYSTEM

I. Reference and Discutsion.,

A. Reference: ST 3-155, para 14:4-14.7, App I,para E.

'B. iscuasion:

In the event of a nuclear war thefield commander will need information
-concernin the amount oradiological contamination in his area of
operations. This information will come fropeumerous survey and"moni--
toring teams. It will be of little value if the radiac instruments
used to measure the.dose rate due to the contamination do not give
readings which are correct withlecertain acceptable

.5
Radiac instruments, like all electroni instruments, require periodic_
calibration. In the case of radiac i truments, the causes n-'

correct readings may be broken into.three general dateg es: iron -

mentalc- and radiological..

Environmental causes of error, or loss of calibration, are a,result of.
'atmospheric conditions and the way in which Aimeter is used. Shaking
or vibrating may cause a meter to lose its .calibration. Rough treat-
ment may cause mechanical vibrations within the,meter. The response
of radiac instruments may be ,effected by temperature, humidity, and
atmospheric pressure:ANilitary specifications for Army radiac instru-
ments require that theysgive a linear (the same) response in all
'temperature, pressure, and moisture conditions in which the instrument
might be"conceivablk expected.to exist .or fperate.

Errors which are considered to be due to a ridiologicl phenomena may
be 6 different energies and types of radiation. Specificatione

m litary gamma radiation intensity measuring instruments require .

that they give a linear response (the same reading) for all energies
of gamma radiation between"80 kev and 4 mev which Is the expected range
of energies of fissiOn-products.

In order to correct for er rors which come'64out in the handling and
storage of radiac instruments, they should be calibrated periodically.

The Army system for calibration of radiac instruments Consists of a
pries of reference and transfer standards. All standards and radiac
instruments are referred to the National PriMary Standard at the
National Bureau, of Standards through the Army Primary Reference Stand-
ard. The Army'Primary Reference Standard is a 500 cArie.cobalt-60
source maintained at Lekington Army Depot. Secondary reference stand-,
ands are located at Sacramento :Rimy Depot and several oversea depots.
The standard at Sacramento is a 500 curie cobalt=60 source. those'in .

oversea depots are AN/UD4-1A's. s
. ,

350
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Handouts: None:

'III. -Problems: None,'

Solutions: None.
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DF2 NUCLEAR REACTORS

I. References:

Kaplan' -s, "Nuclear Physics, "' chapters 19, 20, 21; Jacobowitz's,

Fundwentais of Nuclear Energy and Power Reactors," chapters 2, 3, 4,
and 5; ST 3-155, Ppra 2.9.
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II. Discussion.

Definition: *actor - a device in which a,controlled nuclear chain
reaction is,- taking place.

A. Physics of the Reactor.

1. Fission Reaction:

235u ln
92 , o

.

2 ff + 2.5
o
n + 180 Mev

239Pu +
o

1
n 1-). 2 ff +'

1
.

2.9
o
n + 200 Mev

94

4

Energy DistrubUtion in Fission Reaction.

1KE of ff 168 Mev.

1
'.E of

(5

n 5 Mev

KE y rays 7 Mev

p from ff 7 Mev

y from'ff 6$1ev

Neutron cap y's 7 Mev

35
.
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2. Chain Reaction-occurs when fission reactions produce eno h
neutrons capable ofdausing fission to other nuclei.

.a

no` of neutrons- in ,2d ne atioh
Multiplication factor: K

no of neutrons in 1st gen- ation

Chain Reaction-Characteristics:

Condition. of Mass Characteristics

Subcritica1, K <

Critical, K = 1,

Supeicritical, K.> 1

Chain re
decreas

a tor
to zero

Just sustains chain
reaction at a con-
stant number of
fissions per unit time

Sustains increasing
chain reaction

Neutrons may be prevented from causing fission by:

a. Non-fission Capture by uranium.

b. Non-fission cal5ture,by other materials.

c. Leakage; i.e., escape from the core.

3(5'5

374

Use

None

Reactor

Weapong



0

s--

B. Essential Features of a Nuclear Reactor,

1. Fuel: ,Material which.will undergo fission in the reactor.

Fissionable Fuel: Materials which will undergo fission,

with thermal neutrons.-

233. 235 239
92U, 92U, 94Pu

Fertile Fuels: Materials which, by the absorption of
neutrons, become fissionable fuels -

238u 232711.

92 ' 90

Production of fissionable fuel from fertile fuel:

38 * 1 239

92 'on 92U

239, 23 mi \n 239,- o_

92- 7-------+ 93aP -le

and

.

239 2.3 days. 239pu oe
9pp 94 -1

33.,2932--
I- on290Th

'

9,430Til o
e291Pa +

233
P -+

233_
+ e

.0,

-191
9e

. Moderator: Material used to slow-fast neutron to,thermal

Slowing power Of.mode;113,rs Ratio of slowing ability to,

absorbing ability - be/5a.

H2O 65
o

D
2
0 -'4860

Be - 150

C - 120. 356
0
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, -. _ . .
Vethods.--bf control:

:"Control'rods '{impSteommon method)
,

,

con-tirO1-(pritharily a safety controlp

Removal or'addiiion pfftel

Mes:nsyywhi,Ch the rate of fit'sion, and tilereby
of:the'reactor is regulated.

:

.

Moirethecnt

Coolant - Material

a

J

5. '

. .,

ofpneutron reflector

girQulated around core for removal of heat.

Coolant :

Liquid- -. (water)-

Liquid Metal 7 (Sodium)

Gas y

Organic Compounds

..,C9oianth - Desirable Characteristics:

Low melting pbint- remains fluid

High boiling points

Good thermal stability

Shielding
radiation

'

Compatibility with other parts

Low induced radioactivity

Low neutron absorption

Good radiation stability ^'

Moderator power to suit reactor
(may'serve double purpose)

s,

- Material used to protect workers and equipment
released during the :fission process..



asisifiCation:ot- f
.'r- - -: 7-3,;. 2,. .`

TyPe of arraneinedt:.of fuel::

Heterogeneous rroderatOr,,er4ftiel in ie..gillai:airangement.,

: Homogenous Mnderor- and fuel mixed-. ,,.

Moderator.ttkpc::.

4

. .
DSO.

,

BeryNiurn ;

:Coolant used:

Water
baiing

Liquid' metal' .
- .

'Os

Organi:b Material

-Neutrsn. enexgies:

TIrrrnal

Interinediate. ,

. . ,

,

Research,

IsotoPe production,
. -

'," Materials.. testing

Neutron source

Experimeptal.

,roduction reeding)

377'
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.

Power

Electrical.

Propulsion

atatimary

Mobile

Dual purpoSe (having two of the above.uses

o

378
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1: ".4 Types Discussed.

7
.

Experimental.'
Beam Hole

r.'.

.

-a. Research Reactors.

'farad, Bridge
.

Supportmg Cure

POOL-REACTOR

to
**.

Core Support
, Structure

a, '91
7.717-

....=..L...__
: ,

r. -

, -
, I -L---- ---1.-I" -I:

is. .. I

I

...4 Pool of Water

Control Rod, I . ill I v

6 i ,_ 0 , - I 4

e 4 '.

t-,
. It f I / :

r . a

/ ,s - Coie

Equiprneot

45.

Generate Pool Walti,

4J.

Concrete
- Biological .Slueld

Coptrol-Rod Dives

Control nods

-

: 4 4..
: I

TAIIX REACTOR oe.

t

4

a

fr;7"-------r-7!-.7.. Top Shield Mg

;* ';f:t: 7 -
:

,

v. f
'fink

,

Graphic! Reflictbr

.

braphite 71;errnel
. COlamn

Plug
4,.... ;6

.% .:7- : : .. : I ..,'Ii'f:1-:.1;1. 6 ,
6 ...6 ' l' ,r. 0 6.. 0 .'"

4- t ; '; 0 61y.j.;. 1.; r 11 i t; 1,r.:::,i1;i:, '..!.;),-
.,_.:111'z' -.1;,1-..."1.':_:.,=-1-r'!-:11.'::1

.r, ,:..'.:f.'.7i-- 'Ai,.
.

2...-..z., ,....,.. .:...4,,1,,..,-).".,,' .-.

,:...:1.,,.:...:1..1;if,

; .
In , Out

..COoling.Viater:

./

-40.4!':

Thsiinal Column
Door

Core

,I,; .

4



0,

'r

-

41.

b. Breeder I4ctors.

: . .

Graphite Pile Reactor.
,

.
,. 1

GRAPHIC REACTOR '.

'
J

Core Consisting of HOrhontat

Fuel Channels is CosOuts

it.,--tt-0. . .
Concrete Shielding : .;

-,...:-_...:
Ther;riel Worm....-.........

t---,----- ,- " -
. . 71--: CI , - =

c
. f ..,.;,....._..,..1 . .

. n.:':,- J.- -
, __-: .-- -, _}....-.--r Konnettirug . ,

I . Control Koch

Fuel Losfing 1-.-,-- -"--_., Ft -I ...---:- I .

1: - ..... -'; 1 .

.,,,

..

Wes in Shield ..4_,"1"-"' 1:- -7 - .t

J

r- . ;.....:. - --,57.:er..-, .....11....--:-r-4--Fuel Oischargit.

r-=:-, -` f. _.,r :7-'4.... .: :, 1 . '.t etunnei
-'---n L ,, .

t. '1 r..L13-..'"7":". ;.%
--A ..

.
-,.

: Inlet An Outlet Alt
'S - i

o '

COMPARISON OF CONVENTIONAL 'AND NUCLEAR POW - 'PLANTS

1

11- t

1110110EAS 1
.;

';'4177 77-11,176 k
(Mir

4

e.

.
cig1T

. -CONVENTIONAL POWER PRODUCTION

.

I

,7'.' A

:.;:*.YAk VI°
I .

4.-ws

LIATA 777 -aI.

TUR43.17,9 GSALal OP-.9
wcroTeg,

-ATOMIC POWER PRODUCTION

ELFergia

I

3130

361
, 0
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c. Power Reactors. .

I

.

(1) Pressurized water reactors.'

PRESSMIZEb WATER REACTOR

- k

PP.41MY 1,0012
STEJIM LiN

0

TTON0-1
GgNEWA

_

kEJIG TOR9
Pump

(a) Advantases,
a

Pump
condenser

condenser cooling wafer

Single_fluid'coolant, moderator, rglector:

Water cheap, available.

i6 only radioactive ir-331em.

SmAll critical mass needed. -

Fission roductscontained.

Water technology known.
'* ,

,c ,

(b) Dsadvant-dages.

High pre'ssure in primer-y.14Z

'PoortrModynamic efficiency.

,Complex plumbing.

Corrdsioa probleni.

Neutron economy poor.

-\\

'

64

Shutdown for.reloading.'

Water-racts with 0, Th and structural materials.

,

Fuel ,element design and ase, of control rods difficult.
.; 3 2

3 81

..
..

IV
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(2) Boiling Water Reactors.

BOTLING' WATER REACTOR

g-Efig'i°R.9 _-_-.67TEAM. 1,10

ruieBbygs,:.
agyirAToRo

A

(a): Adqntekies.

pump

condenser cooling water

* 'Same advantage as press&tized -water reactqr.:"
'1 /"' ,

Sing le loop.

Lower pressure

Lower' temperature levels.

(b) Disadvantages.

Most lisagre4tages of pressurized water. reactor.

Turbine may require shielding.

Reactivity lifetime short.

.r" ,
363:'

382

ti



(3) Dual Cycle Plants.

REACTOR

f

DUAL CYCLE PLANT

STEAM LINE

..*

TURBINE

GENERATOR ,

CONTROL: PUMP

& SAFETY RODS

PUMP

CONDENSER

COOLING

WATERS-,

,36

383
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..Sodium, Coo7:e4. Readteirs..
,

PRMAV.
SODIUM LOOP

. SPDM COOLED liACtOR

gECONM
OPTERI. IA0 eS1,EP/1 LINE

- TWID4.-
MEP00,9

condenser

ItE)TolZ

UMP'',

coatieftermotingwahlr

High temperature..with low.pcessure-,944.
.4 E

Heat removal very efficientc*,

.

. '

Super.heter steam possible.,

' Disadvantages.

,

,

.

Sodium re,ttets violently with water.

Largecore needed.
r I

SodiuM becoMes- "radioactive. -,A
' . ' 44

'5

Intermediate loop needed.,

Coolant 41-11 freeze at-rooi,,temPerature.

(5) Ge.5pCdoled"Ractoi use gas ,for Coolant:',c(C0'
2

a
fie populax.) .

5,

'Licluid.Fuel,ReacWra:

..-..,

:(a) Salt of draaitini ci3...soived,in 11 0 ' %,
. .

(b) draqium and bismuth' mixed in molter). state.

PI

,
,

384.
.,
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Military Reactors.

Nomenclature on Military Reactors

1st Letter'- degree of mobility
S.- stationary
P - portable'
M - mobile

2d LeLter - Power range
= low 100 = 1000 kw

M - medium 1Q00 A 10,000 Kw

H - high 10
1
006 or mare kw

I
Arabic,aumeral indicates order of initiation of plants with

same first two letters.

Capital.letter following numerical indicates order of initiation

of field plants of

Some Military

1
'SM-1 (Ft Belirair, VA)

:SM-1A (Ft Greely,AL)

" PM. A (McMurdo Sound, ART)

KH-1A (Mobile)

4/

. ML-1 (Mobi,)
,

same type.

Reactors, in Operation

Prototype and trainingplant

Base power supply

Power supply or base _at

remote location

Floating nuclear power plant
to supply poweF for off-shore
1,o land base

Trailer mounted prototype ford

field use-

3 68'
387

-AEC and

Army.'

Array

Iavy

AEC and
DOD

AEC and
Army-



D. Reactor Safety.

1, Basic Safety Principle:

a. Prevent accidents._

yrevention

Core and design

Natural laws used to advantage
.

Automatic safety controls

4 C.Trained personnel

Contain radioactivity in the event of an accident.
4

Containment

1st Defense

2d Defense

3d Defense

2. Eveuday.Re'actor Safety.

.a. 'Worker:

Full ,cladiing

Lption in.remote-areas

Containment shell.

,Disposal.of odrned ;fuel

Check for contaminants in coolant and Ventilation
iyitems

4
.

Monito'ring throUghout

Radiation exposure levels observ'ed

b. Public.

Discharges from ;Want monitored (i.e.,air, water,
seWage)

Areas $1.4ounding plant monitored

I

3 6'.)

386
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III. Handouts: Ntne

IV. Problems: None

. V. Solutions: None 370
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I. . Discussion.

-B1; TA PAR TIC IJ CONT.DERiVgIONg

, ..1 , ..---.

,

:Beta-particles are,readily,absorbed,in,a0li i s . . . As, a. result of this
absorption, tar atte0/48.40:1014h-energy electr, gnetic radiation is pro,-
Auced 14ke'.gamMa'rideUon* Tt is hazardous add must :be considered when
handling and storing beterm itting radioisotoPes: '': ..

: --
. , .

..'

Bete: radiation 'is produced by 'ite decay, of a nuclear particle. 'Beta
. . . .,..-,

-particles may-be either:hegatively opalsitiyely charged,.depeneng on
whether a -neutron:or?protond.eaaYs... '_ .-:.:::.1 : '

1

..

1.4 I I
" '

P n
.

- ..

v + (01 deceit)
`-- I . o_ t .. ..%

7/ "4" Q. ". decay).,

We Will abnsider'eache of beta decay "separately..

A. 0+ Decay.

'

A posjtively chafied beta palticle results from the decay of a
proton. ,As.the 0+ particle loses its kinetic energy and becomes

sthermalized, it will undergo an annihilation reaction withan
electron. The processof electron-positron annihilation is called
pair annihilation and results in the production of two photons, each
with 0.511Mewenergy. The shielding material which stops 4the beta
radiation acts as a 'source of 0.511 Mev electromagnetic radiation.
This em fadiation is as hazardous as gamma radiation .and must be
shielded against.

x,

In order to calculate the total affibunt of shielding necessary to
attenuate both the beta radiation and the electromagnetic radia-
tion, the following procedure will be used.

DeterMina the maximum beta energy (53 ) using -.the Table of.
Isotopes, Pam 25.

2. Determine the range (R) of this maximum beta particle using
the Range Energy Curve on page 123 of.PaM 25.

3. Determine thicknesd (X0) of shielding material
stop the most-enetgetic beta particlp.

'1 . i ,

..'
X = , (p values listed, on pages 65- 6

4) absorber

I f , 1 , i.

,1

I

1 372
. ; i-

required to

4, Y

1 390

Pal:ri 25)
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Determine thg souLe strength of the electrOMa netioradfatiop.
produced by the,electron-positron annthilati

=.. (2)(0.56)nCE (where E = 0.511 Mev)... S = -0.572.nCS
t.

Sam
' -

wits an energy of 0.511 Mev, ai.4produced in
we must consider sh, elding for two

fos.trcnigiveri off py the source. !This is why
h fors is multOplied by'2. -,,,.

. i , 1

The contribution of each beta transition must be considered.'
.

NCTE: photons, each
pair annihilation
photons for each
he s,A reng

Determine unshielded dose rite at a desired location.

where d

F.

is distance crieasured from edge of, beta shield.
1

6. Determine ti-.e half-thickness (Xi) of the shield. Use table (pages
137-139, 25) to determine 47o .(enter with E = 0.511), then .

and

x o.abtorber

7. Solve shielding problem using 2n method with
4

'R ,from Step 5.
41. -

X, from Step

Tither X or B must

Solve using 2n Tables.

be given.

The total thickness of material
of the beta shield (X B) and

\
the

B. B 7Jov.!

necessary wili
IL,

be a combination
e-m shield(from Step 7).

xs 9 high speed electron resulting from the decay of a
'neutron. T1j high speed el;ctron may interact with, ma 'ter in three

general Wlys
1

I , 4

1. $ .

3 9 1
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. i_1 Collision with an outer electron. The highspeed electrons--. .:
...

may collide with one of the outer electrons of anatom 'thin the
. target. This orbital electron will be knocked from th tom result-,

ing in ionizatipn. The energy absorbed by,ionization is given off
as-heat and light. This interaction will not produce electromagnetic
radiation and is of no significadce for this class.

- 0 I-

4

4 :

.-r

Collision with an inner electron. The electron. may penetrate the
outer electron cloud of a target atom and collide with one of the
electrons in an inner shell. This inner electron will be knocked
from the atom and an electron from an outer shell will fall into'
its place. Energy absorbed in the process of knocking out these
internal electrons is given. off in the form of X-rays which are
characteristic of the absorbing material. This interaction will
not produce significantly harmful radiation.

'3. Attraction to the nucleus. If a high speed electron penetrates the
electron cloud without cpllidingyith one of the electrons, it experi-,
ences a coulombic,attractiOn toward the nucleus. This attraction
slows down the high speed-electron or causes it to be deviated from
its path, causing,an overall linear deceleration, reducing the kindtic
energy of the electron. The energy lost id givet off in the form of
electromagnetic radiation which differs from gamma radiation in
origin only and is known a.s`bremsstrahlung. The word is of German
origin (brem$ to apply the brake; strahlung, radiation'). Bremostrah-

, lung is sometimes called braking radiation.

If an electron has aldnetic energy of less than D.1 Mev, it is not
energetic enough,to penetrate the outer electron cloud'of an atom.
Therefore, only electrons or beta ;articles of kinetic energy greater I t.

than 0.1 Mev can cause brecasstrahltling. . .

a ,,

Bremsstrahlung has,a continuous specti-um. Not all electrons are, slowed
to the same aeg'ee, and therefore, the kinetic energy lost, and energy.
of electromagnetic radiation given off varies with the conditions. The
energy of the emitted radiation dependson the ,Z number of the aborber,
the original energy of the high'speed electron (or beta,particlp) and ,

the pro imiti.of the high speed electron to the nucleus of.the absorber.
''- The lar et th Z number of the, absorber, the gfeaterlis the atraction

of the igh seed electron. to the absorber nucleus, and the mo e energetic
t

is the b erns trahlung emitted due to the slowing crown of the Ject.on.

3 .
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0,
The maxirnurxi enrgy.,of the bremsstrahlung resulting frOm the attenuation,
of an electron or beta particle is the energy of the electron or bet0-
particle which is attenuated. The absorption of low energy 6e'tas'cinnot
produce high energy bremsstrahlung. The closer the electron passes to
the nucleus, the greater the attraction to the nucleuS, and the mare -.

energetic the resulting bremsstrahrung.

Of all beta{ particles or high speed electrons which are absorbed by a I.
medium, nly a small fraction is attenuated' to result in bremsstrahlung..
This fraction may be determined using the expression: ,

f = 3.3 x. 10-4
ZE

where f is the fraction of pafticles absorbed to give off bremsstrahlung.
.r.

Z is the Z number of the absorber

E is the rAaximum egergy of the beta given off in :e
nuclear transition. .

d s ,
Since the resultant radiation is like gamma radiation, its source ,strength
ky be catlated using the equation: '.:. It

t
J

S :: 0.56 n ECb a
16

whete *S = source strength in rhm.

n = , fraction of times particles. undergo disiiitegrationto
yield beta wj.th maximulp energy To

13

.
, Er3 = maximum energy of the' beta particle foreach nuclear

1f.tr sition.

-Cb = ber of curies of beta, emitter resulting in bremsstrahlung.

i.

. or Cs = Cf
'

r .
4 r -

i

'there c is total number of fur ps of betacemitter.
I.., .

^ -Therefore: S = 0.56 nCE fa i ?
,. .

I

i -94 , 2Substituting for f: S 24'.85 x 10 rE:) CZ1,
it

i i i 44. 4' , .3,

{
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the beta emitter disintegraies.e more than one route, the contri-
bution'of each beta decay n!ust .be considered. For radi?isotopes which
ate both beta and warma emitters, the source strength ctntribution
bccr. the hiemsstrahlung and.gamma must,be considered. Several conventions
rna:, be estaq.ished. to 'make the source strength calculations less ;tedious.

1. Aen he maxirlum energy of the beta,particle is lesrthan 0.1 Nev,
any. bremsstrahlung produced is insignificant.

2. Spr.sr,trahlung pr-duaed by betas of energy greater than 0.1 Mev is ,

-significant.

'Bremsstra.hlung produced. b:} positrons (f.3 ) will. be considered using
the sane rules as for beta particles:

:n order tb. produce bremsstrahlung, beta particles must be-abaorbed.
'Therefore, an important part of p. calculatici,n of breensstiTahlung is the
de:-,ermination of the thickness of shield required to stop the beta
particles. This is determined by finding the ma.xlmum energy of the beta

, prIrticles emitted (Es); its range, using Sargenf's rule, ,F'eather's rule
"(page 29, Pam 25), or graphs (page 123, Pam 25); and finally, the thick-
ness of shielding material required to stop this most energetic beta.

the bremsstrahlurig source strength has been determinad,..ihe shield-
ing required to bring the dose rate to a given-value atsa given point
may be determined in the saint,- )upper as wit13, gamma -sources using Total
Mass Attenuation Coefficient Tables. When entering this tables one uses
sn energy- for bremsstrahlung of one-half of the maximum beta particle

energy
.3 s

the bremlstrahlungis associated with gamma, the mass attenuation
tables are entered with one-half the maximum beta energy or the highest
-Famna energy, whichever is the larger.

.

1

A-procedure which maybe used -in- bremsstrahlung calculations is:
', . , ,.. .

1. Determine the maximuM beta energy using the Table of Isotopes,
Pail2 t'5,.

r
1 1

. , . .
,

2, De
.

te mine he range of this be,a (P) using Feather's rule, $argent's
':rule .o/Beta Partible Pan e,

.. -.jrerir Curve (page 123, Pam 25)., .

termitne eis of , shielding 'Material requi ed to stop- he _most',
energetic; beta (k' = p values ar listed n paged 65 -66; ,P401:2 5.Y.0 ip,

376
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Et, Determine the source strength of brernsatra ung .produced during .

stopping of beta. ,1

S = 1.85 x 10-4 nCZ(E10)2 1

Z values are listed on page 65, 68, or page just before the Table
of Isotopes in Pam,25.

.

The 2contribution of each beta transition must be considered.

5. Determine an unshielded dose rate at a desired location.

SA
Ro

d2

E
Determine half-thickness (4)- usingshield usng Omax

----- of emitted i6`

beta radiation. Use table page 137-139) to determine p/P cor es.-
E
Om , 0693 1

pondiqo to
2
ax. Then Xi = where p = 11/P x 10 .

"f P.

7. Solve shielding-problet using 2n method with

S
R
o

d
2

0.693

-11

Either R or X must be given.

Orbm Step 5)

-(From Step 6) -

f

Solve for.unknown using 2n tables.

1 .

NOTE: If the source emits beta, positrons and gamma, then the half -
thickness

..

wilY be determined by Air

Est,ax t

E or 0;511 Mev, Which 'ever is *greater; and total
. , ymax

'';'
i + 1 gflit-)' must be 11.secil ito

anti
,..41-.' source strength, is

T
i= . ,S Brem

calculate the unshie ed dose rate,
-

-'
1 i Di

m I t
1, 1 O'retertineXt .of shield ing either or E , or 0.511 Mev,

r
It c

VL

'f whichever is greater.'l tame as Step 6. II

3714,
395
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1

go.

9. Solve shielding problem using 21 ,method, with
)

Sfi

Ro -

d2
(From Step 5)

0.693
(From Step 8)

Either IR or X must be given.

Solve for unknown using 2
n

tables.

The following procedures will be used for energy determinations to solve

bremsstrahlung problerAs..

1. Bremsstiahlung c nnot be calculated for an isotope unless it has a

decay scheme in able II, Table of Isotopes, Pam 25. (Decay schemes
4 not listed in P 25 can be found irk the book "Table of Isotopes,"

by C. M. Lederer, J. M. Hol)lander; and,I. Perlman; 6th Edition,
published by John Wiley ana.Son, Incs , Nev York, 1967.

2. The beta energies will be taken'from the tabulated data in Table II,

Table of Isotopes, Pam PS.

3.. The percentages of ead of the beta energies will be obtained from
the decay 'scheme in_Table II, Table'of Isotopes,'Pam 25. If no

percentages are given in the decay scheme, then use those Oven in
tabulated data, Table II, Table of Isotopes, Pam 25.

% ,

4. Neglect all deca&s which occur less.tha4.3% of the time.
4 4

C.

5.

, --
Gamma percentages and energies will'be obtained from the decay ,

scheme (use total drop) in Table II," Table of Isotopes, Pam 25. If '

no percentages are given in the decay,schame, then use the percep-

tages given in tabulated.data,4Table II, Table of-Isotopesoroliam 25,
for the betitzparticle whip decayed to that gamma energy level.,

4
,

I

Biem stTe lung Radiation. 1 1

F 41joroltf It
A.,

Acco ding to 'the classicar e 'ectrdinag etic theory, any barged particle'}

whit 4nd rgoes,1611 accelerat on emitTradiant'energy. heacceleration,
of a part cle is inversely p oporti4 1 to its mass. A we have already (v

di c ssed ii} p- consideratirs, an el tron in the Coul b field f a

nu4l Us c 'experience a lar accele tipn by virtue oflits smal mans. r:

I h378
,

, .,.
i
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The bremastrahlung effect it charge indepehdent. Positively charged
particles will produce braking radiation. Therefore, we consider
bremastrahltuag and annihilation radiation when dealing with P ositrons.
Bremsstrahlung does riot become important in the energy loss of heavy
particles until the Bev'energy range is reaped. these energies,
the particles can approach the scattering nuclei mote closely and thereby :
experience larger forces which ccznpensate for the increased mass. How-

ever; heavy particles can only be accelerated up to the Bev energy range
with the largest particle accelerators. Brqms6trahlung will not be a
problem with heavy particles produced:by normal radioactive decay.

II, Lesson 64ctives and Notes:*

e A. Shielding .of beta particles.

B. decay.

C. deday.

a.

D. Bremsstrahlung computations.

I

I
I

I

I

N
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III.I 'Handouts:

1 .

t. .

V u - G raph-M-a te r

'40

CHARACTERISTICS OF Y, X-RAY, AND BREMSSTRAHLUNG

Type 1

Ilmma

Bremsstrahlurq

Ar

1

nergy

Sjectrum

Discrete

Spectral

Discrete

Sour6e.

Nucleus

s.

Fast charged
particle

Orbital
eleCtron

Characteridtics

Of element nucleu

Of particle velocity
andcharge of nucleus

Of element electron
structure

1

lr
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IV. Problems. i
'

. . .

. Whit thickness of luciee is required to stop the beta particles
from a one-curie source of 32P' -Calailate- the" bierasstrahlung dose
rate at 20 cm:produced by using this shield. Density of'luclte is

1.2 gm/cm3 and its Z number = 3.6. '



4
4

2. How.much lead 4 requiredl in Problem 1, in addition t6 the lucite,
to 'reduce the dose rate reading tp 5 mrad/hr at 20 cm?

10

CM-"1-Ns

I

3 8 2

401
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4.

A

7

3

3. What thickness of lea q is required to stop the beta particles and,
reduce the brernsetraIlung dose reading to 5 mrad/hr at 20 cm from
a one -curie surge of . '$P? (This prqblem is similar to Problem 1
and 2,but lead ieusedinstead of lucite to stop the beta parti-
cles.)

9

*..

402

4
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You are designing an iron
research. A maximum of 2
any one time. How thick
dose rate tic 1 mrad/hr at
'*-_.ontainer7'

1'

a

container for a 22Na salt
curies 22Na -will be in

must- the container walldbe

1 meter from the outside
,

,

3 3 4 I

403

3

used in medical
the container at
to rOuce,Ithe
surface of the



You have received a 63"..fi beta check source. CbrInut. e the thickness

of lead shielding necessary to reduce the dcSe rate to one mrad/hr

at 1 meter from the source:- The source has an activity of 5 curies.

3'85

404.

?s

-af
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.

6. One hundred millicuries of 198Auis used for each decontamination

exercise conducted iu Scaler Lab 'lle USAOC&S. 198Au is shipped in
a polyethylene con:,ainer shielded with lead. The density of noly-

..

-
ethylene is 0.92 gm/cm3 and its Z = 2.667.

i
F

a. How much-olyethylene is required to stop all beta radiation?
. .

.

N.

0..

0

...

,,

\

4 . x

4)

,e

386,

405

o

T

4

4.

1

4

..



6. b. How much lead is necessary to reduce the dose rate to 10 narad/h.
at 1 meter from the source?

387
.406

ti
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7. a. What thickness of Al will stop the beta from a 25 mCi source

of 9°Sr - 90Y (pure beta emitter)?

b, What will be the dose rate at 15 cm from the source in part a?

1.11 calculating source strength, assume 25 mCi of 90Sr and

25 mCi of 19°.

38.3

407



so.

7. c. What will be the dote rate at 15 cm after inserting-a 2.2 cm
lead shield in addition'to thealuminum?' (This situation
corresponds closely, to that in the TS-784( )/PD.).

,

,

d. How many hours per week can a military operator work 15 cm
from this source? (MPE = 300 mrad/week)

. -

I

389
408

L.,

,
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1

8. How much lead is necessary to phip 5 curies of 85Kr and not exceed
10 mrad/hr 1 meter from the source?

--,

I

t:

.

.. ,

t

.

,

330

40-9
, .

. r

T

.



9. The calibrator AN/UM-1A uses a 137Cs source with an activity DP
120 curies. How much lead is required to reduce the dose rate
to-10 mrad/hr at 1 meter?

k

4

r

391.
410-
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V. Solutions.

.'1

1. Given 32P squrce; calculate R.
orem

at 20 cm.

C =' lei 1.2 g/cm3
PlUcite'

=

d .= 20 cm Z '3.6
lucite

(1) E =.1.708 page 383, Pam 25) (1.00P
0

(2) Range= 78,Mg/cm2 (page 123, Pam 25)

'44' 1.2 g/m- =" 1200 mg/cm3
Plucite

780

0 , 1200

A

(3) X

X = 0.65 cm lucite

(4) s
brem =

1.85 x 10
-4

CE
2
Zn

1.85 x 10 (1)(1.708) 3.6)(1)

1.943 x 10-3 rhm 1.943 mrhm

(5) R. =
$2

1.943 1.943

(6.2)2 0.64

= 48.6 rnrad /hr -ANSWER

Given 32P source; calculate thickness of lead required to reduce

-R to 5 mrad /hr at 20 cm.

C = 1Ci
plead

= 11.35 g/cm3

d = 20 cm R
o

= 48.6 mrad /hr (from Problem 1)

. ,

E
Omax 1.708

= .854 v
2 2

4

a92
411



2. (Cont) ,,,, Key . 6112/g
.

00 0.018/95"---
-- , i

X /*
',200 54 4/p :. -.0.0177

1000 0.0708

54 X
200 -0.0177.

X = 0,0048

p/p = 0.0885 - 0.9048 = 0.0837 cm

Pb
= 11.35 g/cm3 (page 65, Pam 25)

= (u/o)(0)

(0.0837)(11.35)

u = 0.95 cm
1

(6). xi = 0.693

2

X1 = 0.729 cm

(7) 2n

0.95

Roy , 48.6. 9.72

n = 3.3

X = nX1 = (3.3) (0.729) = 2.41 cm ,of lead'- ANSWER.
2'

g

Given 32
P,source; calculate thickness of lead to shield p and

Bremsstrahlurig to R =.5 mrad/hr at 20 cm.

(11 E
0

1.708 (page 383, Pam 25)

A(2) = 780 mg/cm2 (Page 123, Pam 25)

(3) X = p where p
lead,

11.35 g/cm3 (page 65, Pam 25)

780
11350

= 6.87 x
'

10
-2

cm Pb

'412

.3,93



. 1.85 x 10 4 CE
2

Zn(4) s
brem /7

1.85 x 10
_

(1)(1.708)
2
(82)(1)

4.425 x 10
-2

rhm = 44.25 mxhm

44.25 44.25
( 5 ) Rom =

d
2

(0.2)2
0.04

3 9 4

413

1106 mrad/hr

f .



(6) xl .1. 0.693'
= 0.729 cm (from Problem 2)

2 P

R r ,r
(7) 211. _9_

5

iloo
= 221R

n = 7.9

X = nXI = (7.9)(0.729) = 5.76 din of lead2

Total Thickness = 5.83 cm of lead - ANSWER

NOTE: This is over twice as much lead as required if we use lucite to
shield beta (see Problem 2). A lead shield is not necessarily
the best shield for all types of radiation.

4. Given 22Na source, p , and 7 decay; calculate thickness of iron
needed to reduce R to 1 mrad/hr at 1 meter.OP

(1) E
p
+ = 0.545 l(from page 382, Pam 25) (90%)

E = 1.2746 (1000

I(2) R = 180 mg/cm
2

(from page 123, Pam 25)
.

(3) X = p where = 7.86 g/cm3 (p er65, Pam 25)

t

180
0.0229 cm of ir6n

786o

2(4) S
bre

4= 1/85 x 10 nCZEo

= 1.85 x
4

(0.9)(2)(26)(0.545)

= 2.57 x-10-3 rhm =. 2.57 mrhm

Sr = 0.56 nCE

= 0.56 (1)(2)(1.2746)

= 1:428 rhm = 1428 mrhm

S
ann

= 0.572 nC

= 0.572 (01:9)(2)

= 1.029 rhm = 1029 mrhm



(5)

(6)

T

=

R

Using

Sb + S +

2.57 + 1428

Sa,

+ 1029 mrhm

2460 mrhm

2460 2460 rad/hr

p = 7.86 gd/cm3

-2"
1
2

.2746 Mev and

0.5

ft0:2746X
1.2746 g/P

0.0111

1.5 0.0488

0.2746 x

0.5 0.0111

x = .0.0061

0.0599 - 0.00614/P =

4 7

XI
2

V

0.0538

p/p x p. = 0.0538 x 7.86

0.423 cm-1

0.693 1.64 cm
0.423

(7) 2"=

X =

x
total

R

11.3

nX1
2

= X

2460 21+60

3)(1.64 = 18.53 cm

X
Ss

= 0.0229 + 18.53
'

1

(ll

+

0
= 18.55 cm of iron - ANSWER

415'
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5. Given -ai source; compute thickness of lead necessary to reduc'e
R to 1 mrad/hr at 1 meter.

NOTE:

(1) E = 0.067 Mev (100%) (page 389, Pam 255

(2) R = 6.8 mg/cm2 (page 123, Pam 25)

(3) X = where p = 11.35'g/cm3 (page 65, Pam 25)

6.8
X

11350
0.599'x 10-3 cm - ANSWER

(a) Since the maximum energy of the beta particle is less than Oa
Mev, it does not possess enough energy to produce hrerassyahlung.
Therefore,,we only have to shield out ,thebeta particles,

(b) It is also obvious that lead is not a practicable shield for
this source. In.fact, air has,a density of 1.293 x 10-3 g/cm3
(from,fpage 66, Pam 25). Therefore,

6.
5 26 cm

air 1.293 :

which means that air is sufficient. to stop all the hetparticles
emitted,,and other shielding is not necessary to meet the-require-..
ments. This does not mean the source can be handled.

6. Given 1 98Au source.

a. Find:' Thickness of polyethylene required to stop ,beta radiation.

(1) E = 0.961 Mev (99%) (page 405, Pam 25),

7

(2) R = 380 mg/cm2 (page 123, Pam.25")

(3) X = whei-e p = Q.92 g/cm3

380X = = 0.413 cm of polyethylene - ANSWER920

397
416
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b. Find: Thickness of lead to give R *= 10 mrad/hr at 1 meter.

(1) Si = 0.56nCE

= 0,56(0.99)(0.1)(0.4118) = 0.0228 rims_ = 22.8 mrhm

u 1.85 x 10
-4

nCZE
2

%rem 0

= 1.85 x 10
4

(0.99)(0.1)(2.667)(0.961)
2

= 4.51 x 10-5 rhm 0.0451 mrhm ,

S = Si + Sb

= 22.8 + 0.0451 mrhm

= 2.84.51 mrhm = 22.85 mrhm

S 22.85 mrhm
= 22.85 Dyad

2
(1)-2

EAmay
(3) Use.-1=1 = 0.4805 Mev

P/P 0.175 gm/amt

P = x p = 0.175 x 11.35

0.64t

1.;". 0.349

.3

hr

= 1.986 am-1

(4) 2n = = 4'85 2.285 0

10

n = 1.2

X = nx Im (1.2) (0.349) = 0.419 cm - ANSWER

'Given 9°Sr - 9°Y source.

Si.
Calculate thickness of Al required to stop O.

(1) E
E3max

9°Sr - 9Y = 2.268 Mev (page 392, Pmg 25)

417

3.98



(2) Range = 1100.mg/cm2 (page 123, Pam 25)

PA]: = 2.699 gm/cm3 = 26.99 mg/cm3 (page 65, Pam 25)

(3) X =

1100

2699

= 0.408 am Al - ANSWER

b, Calculate the total source strength assuming 25 mCi of each.

(4) Sbre rn 1:85 x 10
-4

CZEn.E
2

(1.85 x 10-4)(25 mCi)(13) [(1)(0.546)2 + (0.99)

(2.268)2]

0.324 mrimi

(5) R 0
0.324 0.324

0.0225
14.4 mrad/hr - ANSWER

d (0.15)'

c.
Omax 2.268 $.

1.134 Mev
2

pip = 0.0657 cm2g

Plead
11.35 g/cm3 (page 65, Pam ?5)

4/P X p

(0.067)(11.35)

0.746 cm-1;

(6) xi =
0.693

2 P

0.6 3
0.7

a

0.929 cm

390



A

R

(7) R =
2

X 2.2
n

Xi 0.929
2

2n =,4.95

. I

2.37.

1.4777 = 2.91 mrad/hr - ANSWER
7>

, d. D = 300 mrad

?

al.

,

R = 2.91 mrad/hr

D 300 mrad
t = R 2.91 mrad

103 hours

8. Given
85Kr source; calculate lead shielding needed to reduce R to

10 mrad/hr at 1 meter.

(1), E Pmax
0.67 Mev(99.6%)

(2) R = 235 ing /cm3 Pb
p = 11.35 g/cm3

(3) XP = = 132350
0.0207 cm'of lead

2
(4) s

brern
1.85 x 10

-4
nCZE

P

(1.85 x'19-4)(0.96)(5)(82)(0.67)2

0.0339 rhM = 33.9 mrhm

S . 33. 9 =' 33.9 mrad/hr= =
(5) )30

d
2

(1)
2

1,

(6) X2' i,.
2421 .

E0 6.67

2
2 = 0.335 Mev.

4/p = 0.3435 cm2/g

4, = (0:3435)(11.35) = 3.9 cm-1

2
9.693 '0.693 cm-1.

. 3.9

419
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(7) 2n6

R
o 33 hr
R 10 mrad hr

n = 1.8

= 3.39

X = nX1 = (1.8)(0.178) = 0.32 cm

= 0.0207 cm + 0.32 cm = 0.407 cm or

0.341 cm of lead - ANSWER

( 8 )
XT

9. Given
137

Cs source; calculate thickness of lead to reduCe-R to
10 mrad/hr at Irneter.

(1) E
Omax

= 1.176 (page 399, Pam 25)

--_,)(2) R = 490 mg/cm2

( 3 ) X
R 490
p 1.350

." 0.0432 cm of Pb

(4) sbrem = 1.85 x 10 nCZ(E
0

)

2

time,

= (1.85 x 10-4)(120)(82) [ (0.935)(0.514)2 +

(0.065)(1.17652]

= 0.6133 rhm '

Sy = 0.56 nCE

= (0.56)(120)(0.935)(0.6616 = 41.57 rhm

.e r Stotal Sbrem
+ S

7
= 42.18 rhm=

1

(5), R
o

total 42.18
= 42.18 rad/hr

'2
d 12

(6) Find Ai,

Use E
7

rf 0.'6616

P/P = 0.1138

xl
2

-
(0.1138)(11.35) = 1.292 cm

1

0.693
1.292

- 0.537 cm

4 0 1

420.
%. ,

0



R

(7) 2n = o 42180
= 4218

10
n = 12.1

(8) x = nn = (12.1)(0.537) =. 6.5 cm of lead - ANSWER

S.

4u2
421
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SHIELDING COOKBOOK

1. Calculate. penetration of patticle:

a. ±
max

b. range,,age 123; .p, page 65.

C.. X
R

p
(watch units)

2. ComiUte source strength for all electromagnetic radiation there n > 0.03.

a. S
7

= 0.56 7.10:

b. S, = 1.85 x 10
-4

CZ
orem

c. S = 0.5T2CEn
ann

d. S
total 87 %rem

(except
±
< 0.1 Mev)

+ 8
ann

3. Compute dose rate at desired distance.

,

R
o

d
2

Compute Xi for Electromagnetic Shielding.

a. Pick greathst energy: Ems,
E ±

max, 6.511 Mev (for 13+).

b. Calculate do fr.= tables on pagei 137-139.

c. = pip x p (p from page. 65).

Stotal

d. Xi
0.693

V 4 0
42Z



5. compute X.

R
o

2
X

a.
n; n

X,

b. Use 2. Table or slide rule.

6. x
to

=
X( Step

+ X
(Step 1)

only for the alma arterial.

O

434
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DF310, RADIAC INSTR UMENT CALIBRATION TECHNIQUES

I. Reference: TM 11-6665-204-12; TB 11-6665-204-12:

II. Lesson Objectives.and Notes:

A. Procedures for calibration of the EM-174/PD'and AN/PDR-27J radidc
instruments with the TS-784A/PD radiac calibrator.

B. Safetyrecautions for handling, storage and, use of radiac
calibration devices.

C. Characteristics of other radiac calibration devices.

D. Procedures fdr ettlibration of the AN/PDR-60 radiac set with
the AN/UDM-6 radiac calibrator.

406
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III. Explanation.

A. TS -784( )TPD

1. Publications

a, TM 11-6665-204-12

b. ,DA Pam 310-4

2. Characteristics

a, Source

b. Activity

c, Radiation
,

d.' Calibrates - IM-174( ) /PD; AN/PDR 27( ); AN/IDDR -60
(2R Scale); AN/PDR-39,

3. Controls

a, Label

b. =License

c. Authorization for issue

d. RPO qualification

e: Radiation levels

4. Duties of RPO

5. UnptaCking procedure

407
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6. Safe use and handling

a. Warning page basic TM

,

44 I
b. Dosimetry

c. Procedures

d. Eye protection

h. Special situations

-7. Preliminary operations and procedures

a.- Calibration charts

b. Decay curve'

a 4

c. Sample problem 1

_
. ...

(1) What is the decay factor for a TS-784( ) calibrator-that Masi

calibrated 4 years ago?

(2) years ag

.(3) If you are calibrating an IM-174A and the meter reading listed in the

'calibration chart for the 401c scale is 350 rad/hr, what is the

corrected meter reading for the calibrator in (1) above?

ti.j8
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I

B. AN /UDM -6.

Publications - TM 3-6665-203-10; TM 11-6665-208-15;
TM 11-6665-221-15

2, Characteristics of the AN/UDM-6

a. Source

b. Activity

c. Radiation

d. Calibrates

3.. Controls

a/ Labeling

b. Licensee

c. Authorization for"issue

d. RPO. qualifications

4. Duties of 'custodian '(RPO)

5. Unpacking procedure

6. Safe handling and use

7. Adherence test

4 ) 9

,427



I
IV. Practical EEercise

WARNING. Improper use of the TS784( )7PD, or failure to follow exactly

the procedure outlined below and in TM 11-6665-204712 could result in

permanent injury or death.'

I. All personnel must wear film badges and'eye protection (safety

goggles or prescription eye-'glasses) during the exercise. '

2. No smoking, eating, drinking, or chewing in the calibration

laboratory.

3". Always stand on the selector control side of the calibration

assembly and never expose thelace, lands, or bodyto the radiation port
a' 0 ,

on the calibration assembly.
.

f,

4. Always keep the radiation port aimed toward the wall and insure

during assembly operations thatuit is not turned toward other personnel.

5. Always set the calibrator assembly selector, control to 4mr/hr

whenever the assembly is not being used.

6. Always cover the calibrator .assembly with the safety shield when

.changing adapters and when the assembly is not being used. Also position

'tile calibration assembly aga4nst the rearmost part, of the workbench when

not being used.

7: Always monitor-wish-monitor prior to leaving laboratory or we:4k

area.

B. Prepaiationof the TS-784A for Calibration:

Preparation for assembly.

a. Open cover,and check the selector control and mike certain

that it is in-the 4mr position.

Remove calibration, assembly and place it face down on wooden'

block.

410
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AWAY

c. Remove following items from the carrying case:

(1) Calibration chart.

(2) IM 174( )/PD adapter.
,

(3) AN/PDR-27( ) adapter.

(4) AN/PDR-39( ) adapter (calibration cast).

d. Set/carrying case aside..

2. Mounting of calibration assembly.

a. Nook safety shield over front of calibration case.

b. Remove lead shieldfrom calibration assembly (KEEP IT TURNED
from-eyes and body!).1

4014 .c. Align radiation port of assembly with-port of Calibration
case keeping rubber foot of assembly op table. Secure the assembly to
the case with one of the short lead plate cover screws using the mounting
hole closest to the left end-of the adapter.

d. Lift up safety shield and place114-174( )/PD adapter inside
case so the radiation ports are aligned. Replace safety shield and secure
adapter with the remaining two screws.

3. Wipe Test.

a. Take background count.

b. Break cotton swab to less than 5 inches, 'moisten,.and hold .
wooden end with pair of tongs.

c. Remove safety shield and turn selector control to the 40K
position. Insert thi swab into the radiation port and thoroughly but
gently swab the source.

NOTE: DANGER1..-Prijot look directly into the calibration case or place your
,hand in rot of the yadiation port. ,

d. Tutn.the selector control, back to the Amr position and replace
the safsty,shield.

e. P/ace swab on second shelrin pig and take a 2- minute
count. (If a scaler is not available Aee Para 9-9, TM 11-6665-204-12.
for alternate procedure.)

NOTE: If this count exceeds twice background call the safety officer.

4 1'.
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f. Dispose of swab as radioactive

C. Calibration of Radiacmeter-I1+-174/PD.

1. Preparatipn for calibration.

waste.

a. Loosen the four bolts in the bottom

the case. (Fig A)

of 114-174 case and remove

b. Remove the ion chamber from the LM-,174/PD and place it in the

IM-174/PD adapter with the beta window facing theJcalibration assembly.
(Fig 8) ,

c. Place'the IM- 174 /PD case, meter face up, on the

left'side of the adapter,

d. Attach a ground wire from the pin on the

to the-pin on the resistor board. 0
ea Perform pre-operational gheck.

2. Performance check.

IM-174/PD adapter

a. Check date on calibration chart. If the date isq year or

more, apply the correction factor frorn'the decay curve (para 2-5, TM 11-

6665-294-12)to-the-readidg listed in the calibration chart.

b. Turn the selector control to the 40K mr/hr position. If the

. meter is properly calibrated,, it should read within +10% of the value

listed in the calibration chart:

c. Turn the selector control to 4K mr/hr-and then to 400 mr/hr.

The meter should read within t102 of the value listed in the chart.

d. Return selector control to 4mr.

3." CalibratiOn.

a. Turn selector control of the TS-784( )/PD
IM-174/PD should indicate the corrected value listed

chart within *10%. If is does not, adjust the exte
potentiometer until the correct reading is obtained.

b. ,Turn selector control to 4K mr/hr. If t

within *10%, adjust the external linearity potenti
reading is obtained.

c. Return the selector control to 40K mr/hr

again adjust the external calibration potentiometer.

,

430
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,OTE: Check zero on meter after every step above.

d. Return the selector control to 4mr/hr and replace both cap-
nuts being careful not to disturb the settings of the controls.

e. Turn the check switch on the IM -174 to ELEC CAL and if the
meter does not read 500 rad/hr, adjust the internal calibration poten-
tioteter (fig A) until it does.

f. Turn the check switch to LINEARITY.and if the meter does not
read 50 rad/hr, adjust the internal linearity potentiometer(fig A)
until it does.

g. Remove ionization. chamber, replace safety shieldand reassemble
the IM-174.

D., Calibration of Radfacmeter I'd-174A/PD.

1. Preparation for calibration.

a. Loosen the four bolts in base of the case and remove instrument
from the case.

b. ;Remove the ion chamber and place it in IM -174 adapter' ith
the beta window facing the calibration assembly. Place the 1H-174A, with
meter facing up, to the left of the calibration case. /

control

c. Press and hold the function switch to ZERO and adjust the SET
until the meter indicates zero.

;
d. Set the function switch to CHECK. The meter should indicate

o
within the CHECK lines.

2.' Performance cheek and calibration.

e a. Tura selector control to 40K mr/hr, then to 4K mr/hr and then'
to 400 mr/hi. If the meter is properly calibrated, it should read within
*15Z of the values listed in the calibration chart.

b. Tura the selector' control to 40K mr/hr. If the meter does not
indicate within ±15% of the correct value, adjust the calibration, control
until it does.

c. Check the readings with selector control-in the 4K mr/hr and
400 ar /hr position. Adjust the calibration control until all settings read
within *15% of the proper value.,-,

d. Press and hold the FUNCTION switch to the ZERO position. If

the meter does not read zero, repeat step b.

431
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e.. Rdplace capnut and turn selector ,to 4 mr /hr.

f. Turn theSET control.to OPP and remove the ion chamber from

calibration case. Replace the safety shield an reassemble the 1M 174A/PD.

E. Calibration of gadiac Set AN/PDR-27(*).

1. Preparation for calibration.

a. Remove the IM-474( )/PD adapter and place the AN/PDR-27
adapter, in the calibrator ease. Align the radiation ports with the large

mounting Clips to the rear. Replace the safety shield. Secure the

adapter, using the long screw in tfie top screw hole.

b. loosen the small compression nut at top of the small probe

and then unscrew the large gland nut at top of the probe.

c. Loosen the bands holding the two probes together and'skide
the small probe forward, but not out of the bands.

-*d. Carefully remove the GM tube, ,from small probe so, as not to

break the wires., If there is a plastic sheath around-tube, remove it also.

e. Remove the GM tube from its mounting clips and place it in the
small mounting clips of the AN/PDR-27( ) adapter.

f. Pltce the dummy tube from the AN/PDR-27( ) adapter into the clip

assembly of the small probe in place of the GM tube.

g. Place the large probe in the large mounting clip of theme

,adapter pa that the beta window is closed and pointing toward the left

fide of the ,calibrator case

td., Place the cables in the notch on the side of thd adapter.
Remove the safety shield and cover the adapter with plexiglass sheet.

2. Calibration.

a. Remove cap from the, AN/PDR-27 calibration well. ..

b. Remove. the attenuator fiam,in front of the radiation'port,

turn the AN /CDR -21( ) range switch to 500 and the TS-784 selector control
to the position indicated in the calibration' chart. If the meter does not

agree within ±15% of the correct value, adjust the 500 -mr calibration

control until it does. Return the selector control to 4-rnr.

c. Insert the SOmr attenuator into the channel sl,tdes, turn the

AN/PDR-27 range switch to 50 and the TS 784 selector Control to the

position indicated in chart. Adjust 59mr calibration control until .

correct.indication is obtained.- Return the selector control to 4mr.

432
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d. Replace the 50mr attenuator with the 5mr attenuator.74Turn,
the AN/PDBr27 range switch to 5 and the TS -784 selector control to the'
position indicated in the chart. Adjust the 5mr calibration control as
necessary. Return the selector control to 4mr.

e. Remove large probe and disconnect dummy GM tube. Remove
small GM tube from, the mounting clips and reassemble the small probe.

f. Do NOT remove AN/PDR-27 adapter at this time.

g. Stand the calibration assembly on end and place the large
probe 36 inches from the center of the calibration assembly.

h. Turn the range switch to 0.5 and adjust the 0.5 calibration
control until the meter indicates within *15% of the correct value.

i. Replace the calibration well cap:

F. Calibration of the 2r Range of Radiac Set AN /PDR -60.

Caution: Be sure the AN/6R-60 is turn
high voltage power supply to dischar

Allow 15 secondslor the

1. Remove the instrument from the case assembly by releasing the
latch at each end.

2. Place the safety shield 'on the adapter.

3. Remove the GM tube and place it in the clips of the AN/PDR-60.-
adapter, orient the tube so the cap end is placed at the left of the
nomenclature of the a ter, and the, clip at the right of the nomenclature
fits in the recessed are on the other metal contact of the t e. Place
the adapter in. the smal, lips of the AN /PDR-27 adapter acrnat the
nomenclature is facing the radioactive source. Place the dummy tube
connector of the AN/PDR-27 adapter in the AN/PDRr60 so that it duplicates
the normal. position of the GM tribe. Remove safety shield, and attenuator
from radiation port and cover case with plexiglass'sheet.

4. With the range switch in the 2r position, and.the discriminator
control in the AC-3 position, plaCe the selector control in the position
indicated in the calibration chart.",

5. If the me'ter'does not indicate within ±20% of,the correct value,
1 adjust the 2r calibration control until it does.

6. Return selector to 4mr and replace attenuator and safety shield.
Turn off AN/71>a,-, .

7, Remove the GM tube and other duthmy GM tube, and reassemble the
AN /PDR -60.

,

433,
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8. Remove AN/PDR-27 adapter from calibration case. Replace safety

shield.

G. Disassembly of TS-784A.

1. Make sure selector control is in 4mr/hr position.

2. Remove calibration assembly from case and attach lead shield.

Replace it In'lid of carrying case.

3. Replace items in the reverse order that they were removed.

4. Do not secure carrying case until it is'inspected by the safety

officer.

A

410.
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cAoseAnoN
AsstusLy

ADAPTER A:SUABLY
PO* 04.1 4/PO

RAOIACMETE*
1$8.174/P0

3/0 PG014'2'4E11'4
v.; 74/PD

ELG6G5 -20.4 -12 -7M -II

Figure 13. Ionization chamber of radiacmeter IM- 174/PD installed in IM-174(*)/PD
adapter.
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H. Safety.

1. All personnel-wilt wear film badges during the exercise.

2. No eating, drinking, chewing or smoking in the calibtatioh
laboratory.

.01

3. Monitor-wash-monitor prior to leaving the laboratory or work area.

4. Do not touch the radioactive sources attached to the lead ligs'or
attempt to remove theligs from the case.

I. Wipe Testing. AN/UDM-6 Calibrator.
//

1. Take 1-inch smear and mark one side with serial number of the set.

2. Moisten smear with water.

3. Smear the frame, jig, and mask of the calibrator.

'NOTE: Do NOT smear the radioactive coated surface!

4. Allow smear to dry.

5. Monitor smear with AC-3 probe of AN/PDR-60 with range switch-set
at xl.O.

NOTE: Call instructor -if radiacmeter indicates greater than 900 cpm above

background!

J, Calibration of the AC-3 Probe of the AN/PDR-60 Radiac Set.

1. Preparation for calibration.

a. Remove the' instrumTt from the case assembly by, releasing the

latch at each end.

42,0! .
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CautiOn: Be-sure the AN /PDR -60 is turned'off. Allow 15 seconds for the

high voltage power supply to discharge.

b. Using the shielded jumper cable connect the centerconductor
to the center post in case and connect the opposite end to the solder
terminal above the high Voltage block.

c. Connect the shield of the cable to the ground spring contacts

in the case and on the chassis.

4. Turn the instrument range switch to 2r and set the probe

selector switch to AC-3.

2. Calibration.

a. Remove the AC-3 discriminatOr capnut, and`turn Vile range

switch to X1.0.

I

b. Adjust the AC-3 discriminator until the meter'reads 50 cpm

or until the nut is turnedfull-clockwise, Whichever occurs first. Replace

the capnut.

c. Remove the protective cover and-check for light leaks.

d. Place the alpha probe on the lowest emission rate source and
ad5ust the X1.0 calibration potentiometer until the'average meter reading
matches the cpm of the standard source. --

e. Rotate the probe-180' and observe the reading. Adjust the

X1.0 calibration pot until the average of the two readings equals the

standard source cpm. The two readings should not deviate from the standard

source cpm by more than 10%.

f. Repeat steps d and e for the X10, X100 and X1Kiscales using
the corresponding alpha sources and calibration potentiometers.

'g. Recheck the diicriminator adjustufent (para b, above). Reset

'discriminatori if necessary.

3

'h. ,Recheck calibration on each range.

i. Turn instrument off. Allot" 15 seconds for high voltage

power supply to discharge. Remove shielded cable and replace instrument

in case.

4 2 1
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DF320, COMPUTATIONAL PROCEDURES IN PHYSICAL SCIENCES

I. Reference: None

II. Lesson Plan Outline: None

III. Hpindouts: None

IV. Problems: Class and Home Study Problems."

A

a

423
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A

. 1. What is the dose'rate 5 meters away from a 500 Ci source of
Cobalt-60? (Disregard bremsstrahlung)

0

06.

Jr.

42,4
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2: What is the source strength due to the gamma'radiation from 100
Ci of bromine-82? If lead.were used for shielding, what source
strength would be due to the beta.radtation?

ti

V

.423
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3. What thickness of lead is required to comp$,tely shield the particu-
late .radiation and reduce the dose rate to 10 mrad/hr at 1 meter from
a, 1 Ci source of Arsenic-74?

.

a

426
444



4. A certain scaler has a resolving time of 5 x 10 5
minutes/count.

7

a. What is the maximum measurable observed counting rate?

b. This scaler registers an observe' counting rate of 5000 cpm.
What is the true counting rate?

427
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5. Given the concentrations%in air of
4*

Ca. = 74At-
7

1.5 x ip. mCiimi soluble

Cb =,
82

Br 1.5 x 10-7 1.101/ml soluble

Cc =
89

Sr 1.2 x 10
-8

pCi/m1 soluble

Does this area exceed the limitations for a restricted area?

4-

428
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t

6. During the monitoring of an area the following readings were obtained
with the radiac instrument indicated. What are the respective levels
of alpha contamination?

Instrument Type of Surface
.

Meter Reading

a. IM-170 Wood floor. 6od,olto cpm

b. IM -170. Cinder block wall 120,000 cpm

Marble workbench 2,000,000 cpm

Gravel roadway . 680,000 cpm

e. IM-170 Tile floor 2,600,000 cpm

Concrete walkway 700,000 cpm

-
c.- IM -170

d. IM -170
... .t .

f. IM-170

i

. ,

$

.

r
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7. A sample of 10 µCi activity gives an observed counting rate of
30,000 cpm in a scalet. The resolving time of the GM tube detector
used is 30 µ sec/count.

4

a. What is the. counting efficiency of the scaler?

b. What is the actual counting rate of the scaler?

4 3.0
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8. It is required td completely shield the particulate radiation and reduce
the dose rate to 10 mrad/hr at 1 meter froM a 100 Ci source of
beryllium-10. How much lead would be required for shielding?

o

\

431
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9. a. What thickness of beryllium would be required to-stop the beta
particles from a 100 curie source of 91Sr in .equilibrium 4ith
its daughter product 91Y? (Assure 100 Ci of 91Sr and 100 Ci

of 91Y.)

6

43.2
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b. What bremsstrahlung dose rate would result at 30 cm from
the source?

a

11

.433.

453
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c. What is the total unshielded dose rate 30 cm from the source?

-

d. What thickness of lead shield,woufd be required in addition to a
2 cm iron shield to-reduce the dose rate 30 cm from the source

to 10 mrad/hr? (Assume ttiet the,shieldS are after thg-0.723 cm
of lead requIred to. stop the beta,particle.) 4

V

r

4:34
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10. For determining source strength to include the effect of shielding,
what energies and percentages should be considered for an equilibrium
(1:1) mixture of bromine-80m and bromine-80?

,.

435-
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11. You as Radiological Safety Officer have been asked to check a package
for-shipment of 1 Ci of 1841te which has a source strength of 0.509

75
rlun. To ship this package, the reading at 'the surface of the package
must not exceed 200 mrad/hr and at 1 meter from the surface must
not exceed 10 mrad/hr. ,Flow much lead would be requir.ed to ship this
package if the package is 1 meter to a side? s.

.

436.
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b

12. A 10 rhm source of barium0133 is kept in a storage room efeet
away from the inner wall of the room. The walls are 12 inches

thick of concrete. What is the minim= dose rate to which an indi:=
victual outside the room may be exposed due to this source alone?

(Neglect dose rate buildup.) .

b
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V. Solutions.

1. Data on
60
Co (page 389, Pam 25).

, 7 energy = '2.5057 May (99+%) total
I

. f

S = 0.56 nCE

I 0.56 x.1.0 x 500 Ci x 2.505' Mev

702 rhm

R' = S/d2

= .702 rhmr(5m)2

70225

= 28.1 rad/hr

Data on
82

Br (tcheme in problem)

p- energy - 0:444 mev (No%)

7. energy 2.6483Mev total

7 alone

S =, 0.56 nCE

=, 0.56 x 1.0x,100 Ci x 2.6483Mev

148 rhm

'p alone

S = .1.85 x l0
-4

nCZE
2

= 1.8 x 10
-4

x 1.0 x loo Ci x 82 x (0.444 mev)2
4

7 = 0.299 rhm

138
459



a

3. Data
74

on As -

(3: energies 7 32

0.72 Mev 14%
t

.13+ energies - 29.5%

1.51 Mev 3.5%

0.91 Mev 26%

y ener s -

ill

,

---.

.0.635 Mev lkok ai

0.596 Mev a 61%

Maximum bet;. energy = 1.51 Mev.

680 mg/cm2

pPb = 11.35
gm

/cm3 = '11350 mg/cm3

X = R/p

= 686 ,Mg/cm2/11350 mg/cm3

= 0.0599 cm - max f3 range = 0.06 cm

Find individual source strengths.

13 and 13 breMsstrahlung -

S
breni

1.85 x 1074 nCZAW

S1 = 1.85 x l0
-4

x 0.18 x -1 Ci x 82 x (1.35)2 = 0.00498. rhin'

S2 = *1.85 x 10
-4

x 0.14 x 1 Ci x- 82 x )2 1= 0.00101 rhm

= 1.85 x 10-4 x 0.035 x 1 Ci x 82 x (1.5x)2} =20.00121 rhm
, .

S3

4
= 1.85. x 7,0 7,11 x 0. 26 x 1 Ci x 82 x (01)2 '=., 0.00327;r1.un '''.

/.

S
brem

1= 0.01047.
.

,

' 0.0105 rhm

139
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0 annihilation

S = 0.572 nC
ann

Sa nn
= 0.572 x 0.295 x 1 Ci

0.1687 rhm = 0.169 rhm

y energies -

Sy = 0.56 nCE

S
1

= 0.56 x-0.14 x 1 Ci x 0.635 Mev'= 0.0498 rhm

S
2

= 0.56 x 0.61 x 1 Ci x 0.596 Mev .= 0.2036 rhm

0.2534 rhm
Ytotal

7-

Stotal
= S

brem Sa nn
+. S

Ytotal

= 0.0105 + 0.169 + -/253

-1 0.4325 rhm .= 433 mrhm

R
o

S/d2 7433.mrhmAlm)2.

= 433 mrad/hr

E' = 0.635 Mev E
ann

= 0.511, Mev
yrnax

E
P

/2 = 1.51 Mev/2 = 0.755 Mev
max

Use 0.755 Mev to calculate X1.

1-1/0

.A

= 0.0967 cm
2
/gm

= '11.35 gm/cm3

2

2 2
,4 = (4/p)(p) = =0.0967 CM-/011.X 11.35 gm/cm

1*

= 1.098 cm-1

440.,
461
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Xi = 0.693/p = 0.693/1,098 cm 1

= 0.631 cm

2
n

= Ro/R = 433 mrad/hr/10 mrad/hr

= .3
n '= 5.5 (2n Table)

nX1' = 5.5 x 0.631 cm
2

= 3:47 cm

= 3.47 + 0.06x
total

= 3.5 cm lead

4. a. R
o

= 1/T

= 1/5 x 10-5 min/Count

= 20,000 cpm

6 .

'b: R =
1 - R

o
T

5000 cpm

1,7 5000 cpm x 5 X10-5Min/count

,

5000
'1 ,- 0.25

. *

. 5000
-:

.

0.75
.I

. ,.4... ; 6670' opin

5. ,Ca/N110.4 --4-.: Cb/P6c,;. * 'C/1.11°Cc < 1 ,

. .
.

1:5'x,:3:0/3,x10-7.+ 1.5x 10:.7/1 x` 1076 '+ 1.2 x lip_ 8/3 x 108 =

0.5, +/ 0.15 + 0.4 = -1.05

.

.0

Area iv above restriction no one Can enter.

-4.41
462.
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239,_
6.

2
" = R(CF)

a.

b.
-200

CF

1

1
c* 7Fo

*d.

e".
400

f.
1 ,

,1
170

1

200

600,000

120,000.

2,000,000

680,000
y.

. 1,600,000

;1g
239

Pu
2 -

m

2500 ;

600

500

11000

700,000)- 3500

A gravel roi-dway is a very poroui surfaCe.SOf'c the values. given,

: )
. .

this is th..0 Olbsest you can'come. The value you obtain by use of
: . i

1a0

. . .

is orolDabkr.
,
low for this type ofturface and in an actual situa-

7
1 1

ton you may want to use an estimated CF of say T.55 or'even T5.....

Or

442

4.63
; .



.

I

7. a. 10 t.iCi = '3.7 (10)5 dps

= 2.22 .0,0)7 dpm

Eft
observed counting rate
actual disintegration rate

30,000 cpm .

2.22 (10)7 dpm

= 1.35 (10)-3 or 0.135%

b. Present actual counting rate -

R
o

7.
-

R = ( = 30 x 10
-6 sec 1 min

5 x 10
7 min

1 - T count b sec count'

3(10)4'

1 - 3(10)4 x 5 (10)-7

3(10)
4

1 0.015

.(3(10)4
0.985

= 3.05 x 10
4

cpm

8. : Data on
10

Be (from giVen scheme acid lata)

0 energy = .0.555 Mev (100%)

No 7

Daughter (10B) is stable.
N'

Lead qhield

R = ,180 mg/cm2

11.35 gm/cm3 = 11350 mg/cm3

X = R/p = 180 mg/cM2/11350 mg /cm3

= 0.0159 am

4.43'
"A64
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Sbrem
.

4
= 1.85 x 10 nME

2
= 1.85 x 104 x 100 oi x 82 x

(0.555)
2

= 0.467 rhm =" 467 mrhm

Ro = S/d2 = 467 mrhm/(1m)2

= 467 mrad/hr

Eomax/2 = 0.555 Mev/2 = 0.278 Mev

2
4/O = 0.533 cm, /gm

P = "(P/P)(0) = 0.533 cm2/gm x 11.35 gm/am3

= 6.05 dm
-1

XI = 0:693/ i = 0.693/6.05 cm :1

=; 0.115 cm

2n = Ro/R = 467 mrad./hi/,18 foad/hr%

46.7

1

a.

5.6 (2n Sable)

X = nX1 = 5.6 x 0.115 cm = 0,644 cm
2 ,

X
total

= 0.644 + 0:0159 = 0.6599 cm = 0:66 cm

nlv

9. a. Seta energies and %'s for Sr7' :

:2.67 Mev (27%)

2.03 Mev (4%)

1.36 Mev (29%)"

1.09 Mev (33%)

0.62 Mev (7%)

Beta energies for 91Y:

1,545 Mev ( 100%1

Beta energy (max) = 2.67 Mev

'444
465 `,4



R = 1300 ingm/cm2*

p 1.8 gm/cm3 x 1000 mgm/gm = 1800: mgm/cm3

<

X = il/p = 1300/1800 = 0.723 cm

b. S
b

= 1.85 x L0
4

nCZE2

_.

=

(1.85 x 10_ '4. )(100 ci)(4) nE
2

7.4 x 10-2 nE2

S
1

= (7.4 x 10
72

)(0.27)(2.67)2 = 0.1424 rhm
w

S2 = (7.4 x 10
-2

)(0.04)(2.03)
2

0.0122 rhm

N
2)(0:29)(1:36.)2S3 = (7.4 x 10- = 0.0397 rhm

s
4

= (7.4 x 10-2)(0.33)(1.09)2: = 0.0290 41m

S
5

= (7.4 x 10
-2

)(0.07)(0.62)
2

= 0.0020 rhm

s
6

= (7.4 x 10-2)(1.0)(1.545)2 = 0.1769 rbm

S
tot

= 0.4022 rhm

0.402?
4.47 raa/hr

Rbrem
_

d
2

(0.3)2

c. Gamma, eherg esand go',S for 91Sr:

2.06 Mev 7%)

1.58 'Mev (33%)

1:299 Mev (29%)

0.645 Mev (4%)

N' significant y energy for
91

Y.

S _= 0.56 ha

(0.56)(100 Ci) nE

56 nE

415
. 466,

s,

(



d.

O 0

S1 (56)(0.07)(2.06) = 8.08 rhm

S
2

(56)(0.33) {1.58) -2 29.2 rhm

(56)(0.29)(1.299) = 21.1 rhm

S4 = 56)(0.04)(o.645) = 1.45 ihm

Sy = 59.83 rhm

Ry
2

= 665 mi/hi
d- (0.3)2

R
total

Ry + RI;rem .= 665w + 4.47 = 669.47Tad/hr or
669 rad/hr

E
Smax

/2 = 2 246 7 1.335.mev

ymax
= 2.06 = o.645 = 1.415 Mev

.*. use%E .for 11/P value.
?max

First find the effect of 2' cm of iron on the doSe rate.

g/o = 0.507 cm2/gm; p = 7.86gm/on3

11 = 4 x p = (0.0507)(7.86) = 0.398

00.693 .4693
f

X1 (iron) = 1.74 cm
.(1.o fcg

2

1-1.

'n '= X/X1 = 2 cm/1.74 cm = 1.15
f

2
n

= 2.1.5

cm-1

. ,

Bt =
Ro

669 rad/hr ,

311 rad/hr

2n
2.15 .

,

I

Now for lead -

Ro = 311.rad/hr; R, = .10 mrad/hr,

g/p = 0.0558 cm!/m4.. p = 11.35 g/cm3

4. ' (0.0558)(11.35) 0.633 cm-1

446
467



a

0.693 0.693
)(1 (lead) = 1.09 cm ,

n
R
0, j11

2 = =
0.01

31100

= 15.0

, X = nXi (15.0)(1.09 cm). =, 16.4 cm

10. Refer to decay scheme and data given.

For
8
° thBr:

y energy 0.086 'Mev (100%)

No particulate energy

For
80

Br:

,

0- energy - 1.99 Mev (85%)
1.38 Mev (6%)

y energy - 0.618 Mev (6%)

4

0 r

:441
468
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1

.11.. Find R. at the Surface:

O

S = 0.509 rhm

d = 0.5 m

S 0.1509 rhm
Ro =

d 10.;, m)2

R. = 2Q0 mrad/hr

2,036 red/hr = 2036 mrad hr

4/p for 0.905 MeV gama in lead = 0.0797 cm2/gm

= 4/p x p '= 0.0797 X ,11.35 = 0.905 Cel
4x o.693 0.693\ - o.766 cm

0.905 cm-1

2n 2036 mrad/hr - 10:18
200 Cired/hr

n = 3.4 (2n Table)"

X = nXl = (3:4)(0.766 cm)
2

'Find R at One Meter from Surface:

d 1.5 .

S 0.509 rhm
' 0

(1.5 in)

R '10 mrad/hr

XI

0.509
2.25

0.766 cm (Same' as' above)

.2n
226 mrid/hr

22.6
. .10 mrad/hr

n 4.5 (2n Table)

X = AX1 = (4.5)(0:766 cm)
2

2.6 cm

- 0.226 rad/hr

3.45 cm

.=
(.2

mrad/hr

,TO meet all requirements 3.45 cm of lead must be'used'on a side,

448
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12. Daia on 133Ba (Page 304, Pam 25)

}fax 7. energy = 0.382 May

Find g/p (Page 139, Pam 25)

-4 for 0.382 May = 0.0984 cat /gm

p = 2.25 gm/am3 (Page 66, Pas 25)

= gip x p = (0.0964)(2.25) 0.221 am-1

0.693
= 3.14 CM

P 0.221 cm--
D

S = 10 then

d .= (4 ft,+ 1 ft) x b,3048 in /ft - 1:52 m

to

S

2
=

10 rhm a 4.33 rad/Fr = 4330 Mrad/hi
d 0-.12 ra?

ft ammo
X' it (12 in)(2.54 OX/in)

n
Xi. i 3 . A an

= 830 (2n Table)

R
° 4330 mrad/br

.R at .... a a 5.23 xrad br
2
n '15510"

a.

449 .
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DF340, LEAKAGE TEST

I. Discussion.

A. Reference: None

B. Leak Testing.

1. General.

i

Currently the Atomic Energy C ission requires sex:Iodic

testing of sealed sources. T is requirement is further

implemented by Department of the Army within its juris-

diction. In addition,to these legal requirements for

leak testing, the user has a moral obligation to these

employees to protect them by periodic tests. The semi-

annual test is a minimum requirement. Many agencies

recommend leak testing each time a source is used.

2. Methods of Leak Testing:

Leak testing is divided into four general methods - immer-

sion, cocoon, smear, and swipe. The latter two methods may

be used as methods of surveying for removable surface con-'

tamlnation. \In the conduct of all test's, personnel must be

'constantly aware of the techniques of safe handling and

limit exposuie by considering distance, shielding,:time and

quantity.

a". Immersion. The immersion method-is one method for leak

testing althozigh generally impractical. It is the most

difficult; time - consuming and requires ,a greater expo-

sure of ersonael than. other techniques. Imme sion

consists of placing the source.in a container o water

dhich is held just below the boiling. point for 30

minutes, The appearance of bubbles emanating from the

source indicates that the source has a leak. The ab-

sence of bubbles does not indicate that the source is

not leaking. After the source has been in the hot water .

fair SO minutes, it isretinoved and a sample of known .

volume of the water is taken, dried, and the residue is

counted on an appropriate device. If contamination is

present, it, is presumed to have come from the source.

The quantity of contamination removed from the source

during the testing procedures is det nined considering

the eff9iency of the counting syste , the sample,voiume,

and the otal voluMe of water use the test.

451
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w.

This test cannot be used onsouraes which are mounted
in large assemblies,nOr on sources haying container
material which will be adversely affected by the high
temperatures and water.

*0-

One variation of the immersion test is the scrub test
in which the samples are placed in a known volume of
detergent solution, scrubbed with this solution, and
a known volume of the solution is removed, dried and
counted.

b. Cipcoon. The cocoon test is applicable only to radium

sources or other sources from which a gaseous radio-
,

active material may leak. In this test the source

is completely surrounded by' a wad of 'cotton (or
cocoon). This cocoon is placed inside an envelope

or other cbntainer and kept for 24 hours. At the

end of 24 hoUrs the source is removed from the

cocoon and the cocoon counted in an appropriate

instrument. The quantity of contamination which
leaked from the source is calculated considering

the instrument efficiency,

A variation of the cocoon test is one which .4 used by
the Public Health Service. They refers to'this test as
the jar lid test. It essentially allows for the decay
of radon into heavy metal daughter prdducts and the
"plating out" of radon on a metal surface the jar lid).

The way the jar lid test operates is to, first, get a
small widemouth jar. The smaller the jar, in comparison
to the lid surface, the better. The radium source is
placed in the jar and the lid is placed on-the jar. The,
jar is alloWed to stand in this sealed position for a
24-hour pqibd. A modification is to pack the jar lid
with cotton' or some other Suitable absorbent material
prior to sealing the jar. At the end of the 24-hour
perioa, the !jar is opel'ittrlmd, an. immediate 'count is made
on the jar lid with an alpha Ainstrument. If dottoh was
used .to pack. the jai lid, then this cotton is treated in
thesame mainer as the cocoon described before. . If a
reading is cbtained. on the 'instrument due to contamination
on the jerlid, this constitutes evidence of a leaking
source. This reading of the jar lid is %enly -a qualita-
tive determiation of leakage.

452 V
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c. Smear. The smear test is the most universally appli-

cable technique of leak testing and is the bestover=

all method of leak testing. It is also a method of

testing an area for removable contaMination. In this

technique 100 square centimeters ofthe-exteriQr

of the source or the area are wiped. Some materials that

may be used for 'Ehe wining procedure (known as wipes)

are pieces of paper toweling, filtex paper, cloth,. .

gun patches, cotton, cotton swabs, tape (adhesive 4Ide to

surface under test) or commercially ptepared wipes." The .

wipe is generally about ainches (5, cm) across. They

may be squareor round. The-wipes may be wet or dry de-

pending on the circumstwaces. The,test is performed by

placing the wiping material on' the surface, placing the,

fingertips on the wiping material and ribbing the mate-

rial over the area being bested. Rubberor prOtectilig

gloves should be word-if the contamination potential is

high. If it is not desirable to come close contact

with the surface the wipe maybe held -in tongs or pliers'.

After smearing the 100 square centimetexs the wipe is .

placed in an appropriate instrument and the removable

contamination' determined. If a wet wipe is used., it

must be dried before counting. .

d. Swipe. The swipe.test is performed exactly like the

smear test except arr unspecified area is wiped: It

is strictly a qualitativetest., Some variatiow4of,

the swipe test,are:

(1Y Line the inside of a container used to\st6re

source with blotteror filter paper so that the
ofl

source fits snugly.. Prior to use remove the,

source, remove the paper, replace the aource..'

and count the papei-' on an appropriate instrument:

(2) Plebe a pieCe of,adhesiye material irrcoptact

. with the'surface tf"a source and allOw. it to

remain for a period of time Remove it -and

count the material in an,app'mprikte counter.

4= 1 .
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II. Lesson Objeetives aid, notes.

'A. Objectives.

1. In general terms, define sealed sources and leakage an give
the purposes for leak testing.

2. In general termf,' describe the following types of leakage test:

a. Immersida

b.' Cocoon

c. Smear,

A. S'eipe.or,,:ipe.,.

.3. Give the acceptable contamination levels for alpha,-beta, and
gamma emitters when removed by a leakage test.

4 Explain environmental test which can be performed.

5. Explain -personnel monitoring test that can be performed.

'B., Notes:

a

V.

VI. Laboratory 'Exercise and/dr Hanloutr None

IV,r,..Prublethz:^:N1-)ne'

V. Solutions to Probleuis: NOne

'454 ..
. .-
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1.000 to

4

14.

MICROCURIES OF CONTAILMATION
VS

GM READING
(values are ,approximate) '

IiI STRUc?IONS:

: 1. USE CALIBRATED AN/PDR ?7,1 RADIAC SET

2. KEEP- BETA WINDOW OPEN

a 3.
POSITION OPEN GM WINDOW AS CLOSE TO SURFACE AS pessipm

4, DETERMINE ATA-GP MA READING IN MR/HR

5. DETERMINE BACKGROUND READING WITH EETA WINDOW' OPMI

AND SUBTRACT FROM STEP 4

'6. USING CORRECTED BETA - GAMMA READING IN MR/HR,

E.'
USE THIS GRAPH TO ErETERME SURFACE
CONTAMINATION IN MICROCURIES

--4.

f
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DF 350, CONTROL-AND REPQRTING OF RADIOACTIVE MATERIAL

I. General

L Need for licensing

b. Method of-licensing.

c. Administrative control

. d. Purpose of AR 725-1

e.. -Supplementation of AR

Definft-idits

item.

b. Individually controlled item

4

4
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Vu-Graph material used in DF 350. 1.

tit

le

a. To avoid the necessity licensing each activity that possesses
or us-es li censable items, the USNRC hais issued licenses and authorized
the Department of the, Army to control these sources. Lexington Blue Grass
Arrhy Depot the, license for the "sr 90-y-sioux.ces used in the TS -
784()/PP Radiac Calibration. For its replacer Trent,rent, the AN/UDM-I Radiac
Calibrator; the license will be obtained through-ECOM (AUTOVON 992-3'493
or 3496) AMSEC7SF., Fbrt Monmouth, NJ. The- National- nventor'y Control
Point (NICP)-for this item will also be at Fort Monmouth, A,TTN: AMSEL-
MM-S-CS-1A. The remainder of the NRC licenses are held at APG-EA for
radioactive material for items usecrfor issue, Control of these items is
maintained at Armament Command, Rock Island Arsenal, ATTN: AMSAR -
MMN-C, Rock Island, IL 61201. The Chief of CB Equipment Sectipn handles
all of these items (AUTOVON 793 -4285 or ,5757):-

b. Listing of Yu-Graphs. 1

,
( 1) Controlled -item. . This term applies 'to all items of supply listed. . -

in appendix A,. AR 725-1, and_ appendix C, Major COmmand,SupPlemental
Regulation 700-36. The items that are not listed as indii,cliiilly controlled
items are controlled to the extent that all are noneXpenclahle, 'and that final
dispositiOn must be through the Army radioactive aispdsal facility.

(2) Individually controlled item. An item which must be controlled
to the extent that its integrity and location areknown by the liceniee or his
designated agerits (control points) fror., its inception into the supply system
until itsdisposal in an authorized waste disposal facility.

(3) NRC license. P document issued by the US. Nuclear Regulatory
Commission (NRC)- pursuant o authority of the Atomic Energy Act of 1954

Q

(68 STAT 919), 42 US Code ,0 11 et seq., which confers the right to procure,
receive, store, transfer, use., export, and import specified radioactive Items
under stipulated conditions/

. /
(4) Local RPO. An officer, enlisted person, or DA eivilian employee

appointed by the local installation or activity commander to supervise the
radiation protection program for his command. As a minimum, his training
and experience must meet th&Tdadiation protection requirements in the supply
and technical bulletins and manuals pertinent to the types of sources use or
stored at the installation or activity.

459
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(5) Primary 'supply agency. US Army Armarment Command,t,
hock Island Arsenal, Rock!Island,IL, will be the primary supply 'agenty
for controlled items listed in AR 725-1.

(6) Radioactive material control point, An element which has been
designated by a major commander to maintain administrative control of items
within his command. Radioactive material control points will be establislia
by all major CONUS commands and all' oversea commands.

410

(7) Radioactive control officer. An officer, enlisted person, or /-
DA civilian employee appointed by each major command tosuperefis.e the
radiation prdtection program for the command. The qualifications of a
radiological controcofficer should be superior to those of ghe local
radiological protection officer for the sources listed in AA 725 -1. He
should have a scientific or engiiieering background and will have successfUlly
completed one of the following: .

Service, or

(a) Radiological Safety Course given at APG-EA, or

(b). Basic Radiological Health Course given by US Public Health

(c) Eighty hours of formal training equivalent to (1) or (2)
above covering the subjects listed below:

and limitatOns.

.4

1.. Principles and practices of radiation protection..

2. Radiological monitoring techniques.

3. Radiac instrumentation including operation, calibration,

4. Mathematics sufficient to perform calculation's necessary
for the measurement of radioactivity and evaluation'of actual or potential
hazards to personnel.

5. Applicable Federal and Army regulations.

(8) NRC specific license.

(9) A specific license is required to prodnce, transfer, receive;
6wn, pdssess, use, and import the quantities of byproduct material listed
in 10 CFR' 31, when used in accordance with pertinent regulations 410 CFR
20, App C).

. 460
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V

(10) DA radioactive materia- ls authorization. DA authorizations
are required when radioactivity is 1 microcurie or greater and not subject
to'NRC specific license; also items irradiated during weapons ,test greater
than'0.4 mrad /hr at any distance.

(11) DA written permits. Required for Federal and non-Federal
atencies civilian contractors) to store and use radiation sources on an
Armrinstalration. , ..

$

,-(12) APG-EA and Lexington Blue Grass Army Depot.
( ..

PreparatiOn of license applications, renewals, and
amendments.

. .
(b) Publication of implemehtating procedures to conform with

conditions` required by 'the licenies..
, (c) Publication f technical publications.

... «:
,1 . .-'.

i cd). Notification of higher command's".a.,nd NAC in matters
4i.equired byFederal and Army regulations. . '

i °

(e)'. Maintain records on loss, dainade, _leakage, overexposure,
inventory, insp.ections, and RMCO,Is.

. . Q

. . .,.
i.

(13) VS Army Armament Command.' .;

..`

APG-EA.

(a) ,Primary supply agency.
. , ,

(b) Maintain ecords.
.

(c) Assign'serial numbers.'

(d). Coordinate al/ transfer TespOnsibility.
.

(e) Coordinat6 all radio acave'sotirce procurement`with,

rl 0

.a .
a '(14) 'Function of RMCP. .Each principb.I. installation-commander ,

will implement AR 725-1 and niajoF,corhmand supplement regulation 700-.63!. .. . . , , ,
I 4

-

do. (a) Establish an RMC1$ for th:installation area{ .
. . ,

, . . : -. .
(b) Appoint on a qualified radioactive protection officer. 4for the installation area. e 1

".
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44

, (15) Inktallation RMCP. It

(a) Exercise staff supervision over,the radioisotope
inventory and leak test reporting system.

,

.

(b) 'Proyicie coordination with and
activities within the installation support. areairi

.

inventory and leak test reports.."'

cc) Review and approve the qualifications of.all local radio--
logical protection officers within the installation support, area ansend
copies of thoPe qualifications to the major - command RMCP.

(d) Publish an 'implementing directive for this regulation and
provide a C'op'y to each user as well as information copy it; the major
command RMCP.

assistance to USAR and NG:-
.

preparing and submitting
N'

(e) Prepare update punchcards and submit fo the major
.commandRMCPG Radioisotope Inventory and Leak Test Report (RCS
AM O-192), covering each Calendar month. This report will, be prepared in
Accordance with instructions at. appendix A And dispatclied to the command
RMCP not later than the third, working day following the close of the monthly

.reporting peripd. Reports inditating leaking sources or request's for .

disposition iniirttctions will be submitted to this headquarters.
,: ?

.. 4 .. .

(f) Take actions indicated in,,paragraPn3-613'of AR 725-1/-
qualified activity or unit radiblogical Orotdction personnel are.,not availwhen

'able. .. - '

(g) rect the actions indicated by paragraph*3-6 of AR 725-1'
, and'report 1iy teie h9ne to CDR, APG-EA, any radiation overexposure

alledged to have been received from any of the et.introl itemi'listed in-
table 3-1, AR 725r1, followed by notification of the major ,command RMCP.
Thet RCS (AMC-19p MIIreport will be submitted through the major command.for,approal of corrective actiop taken. '

(h) Ma
activity at time of

;Radiac Calibrator.
nu&mber.

(i) ..M
and paragraph 17, At 790 -52.

intain records indicating the serial number and radio-
anufacture of the individual jigs within each UD,M-6
This calibrator will be reported using only the set serial

.

in all recordb required by paragraph. 3-8, AR, 725-4-

, CD Ex
controlled items wit

't requestse:ap`proval authority for for transfer of ,
in t e installation support area.' ,

481
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(k) Fuynish the major headquarters one copy of all regulations
and/or directives implementing this and related (e.g., AR 700-52 and 755.-15)
regulations, and one copy of the appointing order and summary of qualifications
for the installation RPO.

(1) Route through the major command headquarters all
dorr,espondenc,e pertaining,to items reportable under AR 725-1 and
Supplement 700-61.

(',16) Action if no qualified R11)0 is available. If no qualified RPO is
available at unit level, the installation RPO will take one of the following
actions.

ol

(a) Suspend requisition -for- the_material, or

Sb) Suspend use of; material. In the interim, the CONUS
Army RMCO is responsible for radiation safety and performance of leak
tests:, or. '

`,

(c) Transfer the radioactive items to a qualified installation'.

(17) Unit or activity RPO.

(a) Will maintain informal records of the location, leak test
s , results, and exposure reports for all radiation source's located within their

.respective units or .ctivities.
.

(b) Will insure that all radioactive sources are Used only by
' qualified per =sons and that the installation RPO is advised d`f any 'forthcoming,

changes of 'unit RPO. 1 I
s -

(`C) Will forward to the installation RMCP all. inventory and
leak test, reports and requests .for trarisfeel or-disposition of sources in
accordance with anstalla:tion implementing directives.

(d) " May routinely returnsources to,Army depots for recalibra-
tion and,leak testing (e.g. , TS 7840 calibrators) without nequesis for transfer
or reports of change of unit or activity'RPO provided that the transfer is made
according tc), an SOP approved by the installation RPo concerned. Procedures

must provide for shipment and handling in accordanCe with applicable
directives for the transport and safe use of radioactive material.

Li:6 .3,
As-



(e) Will notify the installation RPCrof radiation protection
officer radiation overexposures attributed to the sources reported in
accordance with AR-725-1 and Supplement 700-66 and promptly prepare
an RCS (AMC-191) MIN report which will be submitted through radiological
control channels to the CDR APG-EA. This report will be .sent to the installa-
tion RPSwithin 24 hours of the overexposure discovery. Similar reports will
be submitted for darriaged sources.

(f) Notify installation RPO of abnormalities.

a

Ise .1I
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USE OF THIS REGULATION OUTSIDE OF 1.3SARMY TRAINING AND'
DOCTRINE COMMAND IS. FOR INSTRUCTIONAL PURPOSES ONLY.

a
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'DEPARTMENT OF THg ARMY
HEADQUARTERS. UNITED STATES, ARMY TRAINING AND DOCTRINE C

Fort Fonroe, Virginia 23651

*TRADOC Reg 700-63

TRADOC Regulation
No 700-63

Logistics
CONTROL OF RADIOACTI MATERIAL'

14 Ocibber 1974

Further limited supplementation is req ired. One copy of each

supplement will be furnished HQ TRADOC ATTN: kTLG-MAT.

Purpose
Background
Scope

Objectives
Policy 4/

k

Responsibilities
References

Paragraph Page

1

2

3

.4

5

6

.7

1

2 ,

2

2

3

3

6

Appenly4A. INSTRUCTIONS FOR PREPARING PUNCH
CARD TRANSMISSION WORKSHEET 7

' B. PUNCH CARD TRANSMISSION WORKSHEET 11

C. REPORTABLE RADIATION SOURCES . - 12

6. .,SAMPLE REPORT (INSTALLATION
SEQUENCE) '4 13

E. USACSC INSTALLATION'REPORTING

CODES 14

1. Purpose.
.4

a. This regulation establishe0a radioactive material control point'

at HQ TRADOC, and prescribes procedure for the cobtinuOus'inyentoiy and

leak test reporting of radiation sodipes (radioactive calibration and

test items) listed inAR,725-1 and apiendix C of this regulation.

7

b. It provides activities within dONUS that are under the command

of the Commander, TRADOC, a means of reporting tddmeet requirements of

AR 725 -1 that will allowcompilation and, combined reporting to the gri=

mary supply agency.

0

,t

*This,regulation,supersedes TRADOd Reg 700 - '63,1 Jury 1973.
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2. Background: Tliere are several thougand items in.the Army supply
system that contain radioactive rrzterial. Most of, these items, individ-
ually, represAtoonly a minor health hazard and require very little
special control. A few, listed in AR 725-1, contain Nuclear Regulatory
Commission (NRC).Controped'inaterial procured on NRC licenies issued
to AMC, The licenses require the soUrces to be used in accordance with

Federak.regulations, tested frequently for leakage, and used under the
conol of persons familiar with the radiption hazards incident to their

- use)
3, Scope.

a. Radiation source leak test and inventory reporting procedure&
.described in this regulation apply to all radiation sources listed in
table 3-1, AR 125-1 and appendix C of this regulation.

b. .Nothing in this regulation will be interpreted to negate or.
supersede any NRC or AR 700-52 rl'qurement pertaining to the control

and safeguards of radioactive materials.
A4. Objectives. the objectives of this inventory and reporting system

are to--

a. EstaSlish -41,thin TRADOC a single reporting system that will
provide TRADOC ins'tarlations and HQ TRADOC with current information:'

"*'on location, leak test results, and names of individuals responsible
' for, the safe use, storage and disposal of the radioactive sources
listed in AR 725 -1 and appendix C of this regulation.r er-,J1). Provide fOr expeditious conEroll 'transfer of radiation
sources between TRADOC installations to nsure that the sources are
always used under the, supervision of qu ified Radiological Protec-
tion OffiCers (RPO).

c. Facilitate the expeditious modification or disposition of
obsolete sources. (Only DA approved modifications will be performed
on type clagsified sources (AR 700-52).)

d. Provide for,the expeditious issue
for, leaking or excess sources,

of disposition instructions,

e. Provide corkrol, n an installation basis, for the expeditious
transfer of radiation* sources between using acEiviti s and ,calibratien

,,and maintenance activities., (Transfer beytind the co trol of T4DOC nisi
receive prior approvl from the TRADOC Radiological ontrol Officer.)

f. Provide semiarnitial _RCS (AMC-192). to the ICP liming all
reportable items in TRADOC, Provide installatio s w th semiannual

.1
I

.

e
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report RCS (AMC-192) in April and October for any corrective actions re-
,

3 :TRADOC Reg 700-63

coired. (appendix-D.) . - .

:,

g. Provide special reports,-as uir ,, to locate or otherwise

identify sources, e,,,,g, a printout"fromJRADOC-POnch cards could
identify all rpOortable sources at a given, installation in sUppOrt of
NRC,-"TIG,-.--"USAEHA,--or''afier radiation safety inspections-, '

f 5. Policy., For inventory and reporting purposes there will be one
channel for_reporting inventories and completing tests for radioactive'

leakage of calibration and test items of' supply in use throughout
DOC. ,The-channel will be as follows:

,

I

.

From the principal TRADOC installation to the HQ TRADOC radioactive
. ,

-,material control point to the respective AMC commodity command.
',- .

6. . Responsibilities.

a. The Commander, TRADOC, will appoint on orders a qualified radio-

logical control officer, who will--

. (1) Exercisp.staff supervision over the TRADOC radioisotope inven-

tory -anti--leak test reporting, system,.

(2) Provide coordination with and assistance to other agencies, and

activities within CONUS in preparing and submitting inventory and leak

test reports.. )

(3") Maintain a file on current inventory and leak test reports.

(4) Prepare a consolidated report semiannually, as of 31 December

and 30 June, listing the current data required by chapter 3 of AR 725-1

for etch,calibration and test item, and submit it to the AMC NICP and

other agencies as specified in AR 725-1.

(5) Maintain a roster of the appointd- installation RPO and approve

their qualifications.

-*
(6) Send a copy of

,

his appointing orderg and a summary of his quali-

fications to the Commander, APG -EA, in accordance with chapter.

3 Of AR 725-1.

,
, v

6

b. Each principal TRADOC installatipn_..commander Will implemept,thiS

regulation, establish a radioactivelm riai control pain fpr the in-

stallation support area, and appoint orders a _qualifie RPO for his

instal ationisupport area cam wt1.1.-:,-
. IP\

4
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A

C1) Exercise staff supervision over the radioisotope inventory. and
leak test reporting. system.

(2) Provide coordination with, acid assistance to USAR and NG
activities within the installation support area in preparing.anArsub-
mitting,inventory and leak test reports. .1

'

(3) 'Review'and approve the qualifications of all ideal RPO within*
the instillation support'aT4a and-Sep'd copies of those qualifications
to HQ TRADOC, ATTN: ATIX-m.AT.

(4) Publish an implementing directive for this regulation and pro-
vide acopy to each user as well as informatton, copy to HQ TRADOC.

I

(5-) Jrepare Punch Card Transmission Worksheet and submit to HQ
TRADOC. worksheet will he rrepared in'accordance with instruc-
tions at appendix A and dispatched to this headquarters, ATTN: ATLG-
5AT, not laemthan the third working day following the close of the
monthly repiii-ting period. Reports indicating leaking sources or re-
quests for disposition instructions for'controlled sources maybe sub-

' mitted to this headquarters, at any time.

(6) TaI.e actions indicated in paragraph 3-6b of AR 725-1 nen
"; qualified activity or unit radiological prdtettion personnel a e not

available. ,

(7) Direct the actions indicated typaragraph 3-6f, AR 725-1 and
report by telephone to the Commandet.I.APG-EA, any radiation
overexposure alleged to flame been received from any of the control items
listed in table .3-1, Ar 725 -1, followed by notificationto HQ TRADOC.

'The RtS (AriC-191.) 'ITN report's will be submitted through HQ IRADOC, ATTN:
ATLG-MAT, for approval of corrective actions taken.

(8) Maintain records indicating the serial number and radioactivity,
at time of manufacture, of the individual rigs within each UDM-6 Radiac
Calibrator. This calibrator will be reported using only the set serial
number.

(9) Maintain all records required by paragraph 3-8, AR 725-1 and
-paragraph.17.of AR 70075.2:

(10) Exercise approval authority for request for transfer of con-
trolled items within the installation support`area.

(11) Furnish this'hea
Ve

q

1
diredtis implementing th s
regulations, and one copy f

qualifications for the ins a

.garters one cop
and related (e
the appointing
llation RPO.

46"1
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(12) Route through this headquarteri, ATTN: ATIL-MAT-, all cor-

respondence pertaining to items reportable under this regulation.

.c. The TRADOC installation RPO and activity commanders will insure
that cali'brat'ion and test items of supply/are used under,the supervision

of qualified persons who know the hazards involved, and the safety pre-

'cautions needed when they are' being used. unit commanders will appoint

`unit RPO in accordance with AR 40-14, AR 700-52, and AR 725-1 Com-

)inaqders of TRADOC installations on which there are tenanted or satel-

lited activities not under their command will pr9vide radiological:pro-
tection' area support needed to met theirequireMentS of AR-725-1 and

I thisreguflation, as agreed 'to, by the commanders of the separate elements.

.Unit RPO will be appointed for separate elements only'when the scope and

diverAity of the local program warrant. Unit commanders will publish

implementing regulations and procedures to reflect agreements,between

TRADOC installations and tenanted or satellited activities.

d. ,Irnit or activity RPO--

(1)- Will maintain informal records of the location, leak test re-

sults and exposure reports for all radiation sources locAted within .r

their respective units or activities.

(?) Will insure that all radioactive sourceS:Are used only by
qualified persons and that the installation RPO is advised-qf any

forthcoming chang4sof unit RPO, s, .,,,,

-

.1
,

(3) Will forward to the installation radiological Control point
.

all

inventory and leak test reports arid reqqestst for transfer or disposition

bf sources in accordance with installation implementing directives. The

;worksheet at appendix B will be used for reporting Any changes. -

. .

(4) May routinely return sources to Array, depots for recalibration

and leak testing (e.g., TS-784( ) Calibrators) without requests for ..

transfer or reports of change,of.unit or activity RPO, provided that'

the transfer is made-according to an SOP approved by the inbtall4tion,

RPO concerned. .Procedures muss pro4ide for shipment and handling in

accordence'wtth applicable directives for the transport anesafe:use of .

radioactive materiel.
... .

(5) Will notify the installation RPO of radiation overexposures

attributable to the sources reported in accordance with this regulation

and promptly p epare a RCS pLMC-191) MIN report which will be submitted

i

through radtol gical. control channels to the Commander; APG-EA. :.

This report will be sent to tlie'installation RF10Iwithin 'F4 hours of the.

overexposure d scovery. 'Similar reports will be,submitted fqr damaged

ip

e :1,I
t,

1

I 1

i
4 4

,
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7.,, References.
0

6

a. AR 40.-14, Control and Recording'Procedt.res Occupational
Exposure to Ionizing Radiation.

b. AR 40-27, Personnel Radiation Exposures.

c. AR 55-55, Transportatidn of Radioactive and Filsile Materials
Other than Weapons.

d. AR 38.5-30, Safety Color Code Markings and Signs.

e. AR 385-40, Accident Reporting Records.

f. AR 700-52, Licensing and Control of Sources of Ionizing
Radiation.

S.

g: A114700-64, Radioactive Commodities in the DOD Supply System.

b. AR 725-1, Special Authorization and Procedure, for Issues,
'Sales and,Loans. (Chapter 3 is titled: Control 'of Radioactive Cali-

,

bration and Test Items of Supply.)
-

0

i. AR 750-27, Army Metrology and Calibration System.
a

AR 755 -15, Disposal of Unwanted Radioactive Material.

k. SB 700-20, Army Adopted Items ofMateiel,

)
1, .TB 43-180,:Calibration Requirements for tie Maintenancoi

Army Materiel.

1.1
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APPENDIX A

INSTRUCTIONS FOR PREPARING TRADOC FORM 465-R (PUNCH CARD TRANSMISSION

WORKSHEET). NOTE: SLASH ALL NUMERIC ZEROS: "0".

CC 1-6. Enter,the Unit Identification Code (UIC) of the unit or actiyity

that possesses this item. Show only six numbers or letters, beginni4
with a "W" i- the first position of all Army units. (No alphabetic..:`,

'.10's" or "L's". may be usedlln the UIC.) ,

4

CC 7 -19. Enter the NSN thirteen digits. Do not enter des UseUse the

NSN for the radiOactitte source rather than the NSN for kits or sets'ehat
contain a radiatiort'source with a separate NSN-. (See .appendix C;) .

CC 20-i 24. Show the set serial numbers with fide positions. If the in-

ventory lists a aerial number of anitem with less than five positions

precede the number with zeros.

'CC 25-28. Express the determined source activity.as'if011ow4

X007 (7 microcuries)
100- (100 milliCuries)
MK (1 curie)
14C5.(1:4X106 counts per min)
281)5 (2.8X106 disintegrations per min)

TS-1230A 4005 (4X106 counts per min)

M3A1 126- (126 millicuries)

TS-784( ) 040- (40 millicuries)

UDM-6 " 14C5 (1.4X106 counts pear min)

M8 . 50C2 (5,000 counts per thin) ° 0'.

NOTE: The activity pf these sources may vary'consideratily and sluld'be

,reported as indicatedcwt- the source.' (Either the activity at date of, '

manufacture or as determined by reclibration may be reported.)

CC 29-32. Use four digit to show the year and month that the-source

activity. reported in columns 25 through 28 was deterthined. Thefirst two
digits will show the year; and the-last two digits, the month; e.g., Feb-

ruary 1958, "5802", December 1966, "6612". I;f this date cannot be deter-

mined, show "UNK" in the first three spaces, leaving co'luVi 32 blank.

CC 33-35. Use three digits to show the year and month that t item was

received at the installation; e.g., December 1965, "512", I the date
. ,

c. nn c be ascertained, show "LW". i

I' I. , t.

CC 3 441. If transferred, enteiJthe shipment num er/GovernMen Bi11 of

Ladd, g (GBL) Is ,one 1 and4ren numbers.. VI GT1Lmust ap earlon all

' '4. repo is de4eting'or 4J ing-an,itemf4onwthe inven4ry._ ,-. ,,-F.---. - , ft -

rrt i 1

g; 4 7 2. 11

,..-;,--,-
,;,..

..
, --

'4? ,
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CC 44-45. ',Leave blank

t

cC 46=50. A unit reporting an item as being received wilt enter efther
the'UIC or ARLOC (DA Cir 525-10-3) from where thb source was shipped.
A'unit deleting an item will enter the UIC of the receiving unit, if
'transferre'd, or the ARLOC (DA Cir 525-10=3) of,thelocation 'to which
an item was shipped for disposal. (See CC 73-77.)

CC 51-52. Leave blank.'

CC 53-56. Enter
felt .or disposal.,

CC 57-58. Leave blLk.

Julian date on which the item was,shipped for trans-

CC (59:

a. Enter the

b. Enter the umber "Ptforall reports for NSN 6665-00-856-8235.

I
1'

umber "1" for all reports for NSN 6665-00-973-1123.

\1/4 c. Enter the umber "3" on,all reports fcr NSN 6665-00-692-6601
and 6665 -00- 752 -77.0.

d. -Enter`the umber "4" for all'reports-,forkNSN 6665-00-767-7497.

e. Enter the umber "5" for all retorts for NSN 6665'-00-618-1348.

f. Leave blank for reports on all otherNSN

OC60-62: Enter t e date of the, last leak test, using three digits.as
shown for columns 3 through 35. "NON" will be shown4or the M8 Uranium
Test Sample, 'NSN 6'65 -00 -618- ,1348.

CC 63-65. Use thr e digits to show the results of the leak test per,
formed on the date shown in columns 60'62 (showing microcurie X 10'5;

microc ries, would be shown as "200"). If an actiyity ex-
ceeds .005 microcu ies, refer to paragraph 3-14b, AR 725-1. Round off
wipe test results to the nearest 10-5 microcuries, e.g.,

0

.001700 microcuries -

.000030 microcuries -

.000005 microcuries -
Less than-0.000005 microcuries -

r.

is shown as: 1,0
.s shown Ari .003

is shown as: 001
is shown as:t --1

i

I iI(

473
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CC 66r68. Code:the method of leak test analysis as follows: t
"N" (in 66)to indicate that the wipe test was checked locally and

found to be ee of detectable contamination, followed by-the appropriate

abbreviation (in CC 67 and 68) of the activity to'which the wipe was sent

for-a more accurate analysis. (See bSlow.for proper abbreviations.)

"D" (in CC 66) to indicate that an analysis was reported, followed by .

the abbreviatiop in CC 67 and 68) of the activity performing_ the Wipe'

test analysis. (See below for proper abbreviations.)

SD - Sacramento Army Depot

I t.

LX - hexington Army Depot
,

"UNIX" to ind4cate thatthelanalysis perfirmed with locally

available measuring equipment bf the required sensitivity. r(AN/PDR-;7

is not adequately sensitive.)

"LEK" to indicate that the, source was found to be *king.
.

Example: A wipe test checked locally with AN/PDR-27 was found to be free

of detectable contamination. The wipe testlwad mailed to the Lexington

Army DepOt for a more,accurate analysis. The results were not receiveds

within 30 days; therefore, the report was submitted with "UNK",in col-

umns 63 through 65 and "NLX" in columns 66 through 68, Alpon,receiving

this report the RPO requested that the wipe test report'be retransmitted.

When received, the wipe test fesults of .0030microcuries were then

ported as "300" in columns 63 through 65 and "DLP! in columns 66 through

68.

CC 69. Use an alpha.character,to indicate the type of report as follows:

"I" - for an initialor recurring semiannual Myentory.

"W" - for a change in date of the last wipe test.

"K" --for correction of erroneoUs.information,previously report0.

This letter code must'be used in Conjunction with'both Transaction Codei

(CC 80)'(i.e., "delete. previously reported' data" and "add new corrected

data"). Two cards are reqpired to complete the correction.

"E"- - to indicate ehat'the item is excess to, the needs of the unit.

or activity having custody. Sources will be reported excess only as

separate items, not as.physicar.components of other sets:

1,

"L" -ifor a change to the unit or activity halting custody, cor-

res'ohding changeL1144 be made to,coluMns 1 Ithrougg 6Unilt ildentifica-

tlo 40d,) CC4S,56-and CC 53 -56 thust be filled in.,.
A,

tl
.

"

47144
,

495_

Af

Tr)

4

ae



1

,h

TRADOC Reg 700-63 10 10

"Di's- for comple.tionof.disposal actions and -item is to be deleted.
from the,inmentory. CC 36-43, 46 -50, and 53-56 must be filled in.

'GC 7b-72. Show the date ofithe report by-digits; indicatIng the year.
with `the first digit and the' month with-the last twp digits; e.g.,
February 1968: "802".

-CC 73-77. Enter.the'ArpY Lo'cation Code identifier- eroM:DA.Cir 5'2540-3
that best depicts the actual source - location. ,

CC 78-79. ,Enter tht:installation USACSC repqrtini codirom,Appendiqc,
E.

A

1 % tACC 80. Enter the appropriate transactioh code; as follows: .

"A" - for add.
i

.

,

1

i I ,
N ,..

e

'.!D" - for delete. (NOTE: If "deletCard .has a "K" in41169,
there will also be an "add" card, ,if an "1.10.-or "D".1.8 in CC 69', CC

. 36-43, and'461,50 must be completed.) - .
4N

It,

11Ctl

3

r.change. Used with "V", in CC 691

1 1

I i
' I /.

i/
1 i AVI1

A 4.

I

D
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APPENDIX C 1

REPORTABLE RADIATION' SOURCES

NSN '

6665-00-973-1123
6665-0`0-e56-8235.
6665-00-692-6601
6665100-752-7790
666-00-767-7497
6665-00-618-1348,

t
ITEM

0

Radiac TS1230A
Radioactive. Source Set M3A1
Radiac 4Cal.i.brator TS784
RadiaC Calibrator TS784A
Radiac Calibraftor AN /UDM -6
Radioactive Test Sample M8

. a

I

.
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APPENDIX E

US ARMY COMPUTER SYSTEMS COMMAND
INSTALLATION REPORTING CODES (TRADOC EXTRACT)

NOTE: RadioactIkVe sources located
installation support area will use
reporting codes as given.

on subinstallation or with in the

only the principal installation

LNSTALLATIONS

CSC:
CODE

"1. Fort,Relveir

2. Fort!Benning r

3. Fort `Bliss *

.

'12

13,

14

4. FortDix including Carkisle narrr?e's 7 29

5, port Eustis including Fort Monroe and

Fort Story 32.

6. Fort Gordon 33

7. Fort Benjamin HaTrison

8. Fort Jackson 48

9. Fort v.nox ,including Columbus Spt Facility 50

10. Fo,rt Leavenworth .

.Z1

11. Fort Lee including Cp Hill and Cp Pickett 53

12. V rt ?"cCleillan .
57

13. Fit Ord including Hunter-Leggett, Pres oft
Monterey, and Cp Roberts 69

, 14. Fort Polk 72

15cFort Rucker e 77

16. Fort Sill 82

17., Fort Leonard Wood 90

*CC 78-79 in Punch Card Transmission Worksheet

I f
41 8
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The proponent of this regulation is.the Office of the .

Deputy Chief. of Staff foi.Logistics. Users are invited

to send comments and suggested improvements on DA Form

2028 (Recommended Changes to Publications) through
channels to the Cdr, TRADOC, ATTN:* ATLG-MAT, Fort

Monrge, VA 23651.

FOR THE COMMANDER :

OFFICIAL:

V. W. BOLTON
Colonel, AG.0

-- Adjutant General

.

DISTRIBUTION:
Hl; H3; S1
TRADOC In ti: D

Copies urnished:

H2; Jl J3; J4;

'S3
Cdr
USA ,Environmental Hygiene Agcy,

ATTN: USAEHA-RA
USA Armt Comd, ATTN: AMSAR-MM-Cl
Edgewood Arsenal, ATTN: SAREA-TS/

SAREA-SF
")

ECOM, ATTN: AMSEL-4SF
.

.f.

B. E. HUFFkAN. JR,
Major General, GS
Chief of Staff
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b

1: References and Application.

a. References-

(1) AR 72 1.
I

(2) TRADO pplement Reg 700-63.

-(3) AR 700- 2.

TRADOC Supplement No 1 700-52;

AR 700-64.

TM 3-260.

TM 3,261..

b. Application - Problem:

,(1) Prepare a Radioisotope Inventory and Leak Test Report
(RCS -AMC -192) using the worksheet format outlines in
Appendix A, TRADOC regulation 700-63, PertinentDati.

(a) Aberdeen Proving Ground, Maryland station identifier -
01567. The CSC Code for Aberdeen Proving Ground is 02...

(b) Consolidated'SupPly, APG-UIC-WOU 293.

(c) US Army Ordnance Center and School - WID4AAA.

(d) Radioactive Source Set M3A4 NSR 6665-60-856-8235,
serial number 60809, source activity 126millicuries,
material 60, manufactured 5 October 1971.

(e) Source received on the.instedlation on 1 Nov 1974
with a cm number of 5B784622. ,

(f) The radioactive source set was transferred from
Consolidated Supply to the Radiation-Protection
Officer, USAOC&S on 5 Nov 1974, and a wipe test
was performed'on receipt and checked locally with
'a AN/PDR-27(J) and found to be free.from detectable

contamination. The wipe test was, mailed to Lexington
Blue Grass Army Depot for detailed analysis.

.481
500
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.

(2) prepare the follow-up report which is transmitted to the

?MCP on receipt of wipe test results of 2 X-10-6 microcuries

on 27 November 1974.'

(3)

(4)

Prepare the report which would be made out on the same item,

on 5 Max 1975. At that time, assume that'the wipe. test showed

6 X Er' microcuries of contamination'. USAOCk'Health Physics

Office performed the analysis.

You have receivei'disposition'instructions fromAPG-EA.

Complete'the report covering the folloviing dis-

posal actions. On 6 June i975, the item was consolidated

with other, radioactive waste materials and transferred to

the Radioactive Material
Disposal Facility, per 'bill of

fading number Z123456? (APG-EA Station Identifier' -

00429)..

Attached is an incorrect report (marked problem 5). All the

information entered on the worksheet is correct; however,

one bit of information is missing. Comprete the action(s)

required to correct this omission. Date fsf preparation

is a April-1975. .

A
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RE?ORTABLE RADIATION SOURCES

NSN ITEM

6665-00-973-1123 Radiac Calibration TS1230A

6665-00-856-8235 Radioactive Source Set 1V13.A1

6665-00-692-6601 Radiac Calibrator TS784

6655 -00- 752 -779.0 Radiac Calib4.tor TS784A

6665 -00- 767 -7497 Radiac Calibrator AN /UDM -6

6665-00-618-1348 Radioactive.,Test Sample 148
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REPORTABLE RADIATION SOURCES
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REPORTABLE RADIATION SOURCES
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6665-00-973-1123 Radiac Calibration TS1.30A

666-500-856-8235 Radioactive Source Set m3A1
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6665100-752-7790 Radiac Calibrator

.6665-00-767-7497 Radiac Calibrator AN/UDC`, -6

:6665-00-618-1348 Radioactive Test.Sample M8.
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REPORTABLE RADIATION SOURCES

NSN ITEM
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REPORTABLE RADIATION SOURCES
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NSN ITEM

6665-00-973-123 Radiac Calibration TS1230A
6665-00-856-8235 Radioactive Source Set M3A1
6665-00-692-6'601 Radiac Calibrator TS/84
6665-00-752-7790 Radiac Calibrator TS784A
6665-00-767-7497 Radiac Calibrator AN/UDY-6
6665-00-618-1348 RadOactive Test SampleM8
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APPENDIX C

REPORTABLE RADIATION SOURCES

ISSN

_gf'

ITEM

6665-00-973-1123 Radiac calibration TS1230A
6665-00-856-8235 4 Radioactive Source Set M3A1
6665:00-692-6601 Radiac Calib'rator TS784
6665-00-752-7790 Radiac Calibrator TS784A
6665-00-767-7497 Radiac Calibrator AN /UDM-6
6665-00-618-1348 Radioactive Test-Sample M8,4\
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APPENDIX C

REPORTABLE RADIATION SOURCES

NSN ITEM

6665 -00- 973 -1123 Radiac Calibration TS1230A

6665-00-856-8235 Radioactive Source Set M3A1
66 5-00-692-6601 Radiac Calibrator TS784'
66 5-00-752 -7790 Radiac Calibrator TS784A
66, 5-00-767-7497 Radiac Calibrator.AN/UDM-6
6665-00-618-1348 Radioactive Test Sample i8
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.. APPENDIX C
1.

REPORTABLE RADIATION SOURCES

NSN

. .

ITEM

6665-00-973-1123 Radiac Calibration TS1230A'.
666540-856-8235 Radioactive Source Set M3A1
6665-00-692-6601 Radiac.Calibrator TS784
6665-00-752-7790 Radiac Calibrator TS784A
6665-00-767-7497 Radiac Calibrator AN/DY-6

.111.
6665-00-618-1348 Radir.lactive Test., SaMple. M8

MI.
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APPENDIX C

REPORTABLE RADIATION SOURCES

-c

NSN ITEM

6665-00-973-1123 Radiac Calibration TS1230A
6665-00-85t-8235, Radioactive Source Set M3A1
6665 -00- 692 -660 1 Radiac Calibrator -TS784
666540-75-7790 Radiac Calibrator TS784A
6665-b0-767-7497 Radiac Calibrator AN /'JDM -6
6665-a5-618-1348 Radioactive Test Sample M8
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APPENDIX C

REPORTABLE RADIATION SOURCES

NSN

6665-00-973-1123
'6665,00-856-8235
6665-00-692-6601
6665-00-752-7790
6665-00-767-7497
6665-00-618-1348

c.;

ITEM

Radiac Calibration TS1230A
Radioactive Source Set mIkl.
Radiac Calibrator TS784
RadiaC Calibrator TS784A
Radiac Calibrator AN/UDM-6
Radioactive Test Sample M8

504,
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DF370, LICENSING AND SOP WRITING-
,

I. Refer aces and Discussion.

Radii) logical Safety Handbook GE11.39.

/1.

O

Title 10)(CFR; AR 700-52; USA "how to'get a License to use Radioisotopes;"
USACMICS Memo 385-2.

1.

II. Student Performance Objectives.

A. Using texts and references, make application for an NRC license;'
completing and c plying 'with ell requirements.

Uiling texts and ferences, make application to the NRC for renewal
amendme an NRC license, complying with all requirernents.,.

.
...--N

C. Using texts and references, comply with DA guidance on routing and
staffing pf.request for NRC licenses.' .

.

.
,

, .

D. Using twits end references, make application through DA for7ermis-
sionto use and hold.-non-NRC licensed material.

E. Using texts and references, comply.with DA directives on the control
and repbrting of' radioactive material.

-
. Using texts and references, prepare and administrite standard

'operating procedures for-a radiological safety,program,

508
524.
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III. Handouts.

Vu-Graphs used in .DF370.

A. 10 CFR Part 20, "Standards for Protection Against Radiation"

1. Standards for safety application'to all persons possessing
using'licensed radioactive material.

2. Basic radiation safety regulations.

B. 10 CFR Part 30, "RuleS Of General Applicabi2ity to Licensing of
Byproduct Material"

1. Basic rules for licenaing.of radioisotopes.

2. - Certain aspects of byproduct material licensing covered
Parts 31 through

in

or

C. 10 CFR Parts 31 and 32.

1. 10 CFR Fait 31, "General Licenses for Ceitain Quantities of
Byproduct Material and Byproduct Material Contained in Certain

Items"

2. 10 CFR Part 32, "SpeCific Licenses to Manufacture, Distribute,
or Import Exeipted and General Licensed Items Containing
Byproduct Material"

D. Other Considerations.

1. 10 CFR Part 33, "Specific Licenses of Broad Scope nil. Byproduct
Material"

2. 10 CFR Part 34, "Licenses for Radiography and Radiation Safety,
Requirements for Radiographic Operations" . '

_,-

3. 10 CA Part 35, "Human Use'of Byproduct Material"
, .

4. 10 CFR Part -36, "Export and Import of Byproduct Material"

5. ..10 CFR Part 71, "Packaging of Radioactive Material for Transport",

.507

. 528
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E. Information Submitted.

'I.
t
Criteria - radiation protection

2. Criteria - apptoval of license application

3. Rules - transfer of licensed material

4. Record - keeping requiremefits

5. Rules -.amendment, modification, suspense, or revocation of

licenses

F. Guides.

1. 'FederalRadiation Council

2. National Council on Radiation Protection '

3. National Council on Radiation Protection and Measurements

4

4. International COmmission on Radiation Protection

t

G. Preparing an Application.

1. Submitted on NRC Form 313a

2.. NRC Form 3I3a - has sheet of instruction to .closely follow

3. Supplemental sheet -.may be attached

4. Two copies - NRC Form 313a and supplemental sheets

5. Obtain forms - Director, Division of Material Licensing, LISNRIC,

Washington, D. C. 20545

H. Safety Evaluation.

1. Training and experience

2. Instrumentation

3. Equipment

4. Facilities .

5, Procedures proposed for use for protection

6. Waste disposal

508
529



I. Training.

1. Principle and practices of radiation safety,'

2. Radioactivity measurements

3. Standardization

4. Monitoring techniques and instruments ,

,5. Mathematics and calculations basic to use and measurement

6. :Biological effects

7. Handling and use commensurate with the types and quantities
to be employed

J. Other Information.

1. Name and address

2. Quantity, type, and cHemical or mlaysical form of radioisotopes
to be used

3. Purpose for which used

K. License Authorization.

1. Receive

2. Acquire

3; Owned and imported

4. Transfer to other NRC or state licenses

L. Responsibility:

1. Material,equipment,and Procedures used

2.. Personnel who use material and equipment

a. Sufficiently trained
I

b.- Follow management instruction

c. Follow safety rules

d. Period checks

5v:7
530
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c>. M. Records.

)"

1. Receipt

2. '.Transfer

3. Disposal,

4. .Radiation exposure of persons in program.

5: Surveys made to evaluate radiation safety

N. Purpose.

1. Provides - procedures for Submission of application

2. Prescribes - control of radioactive material not licensed by NRC

-
3. Provides - guidance for DA agencies for use of radioactive

material

a.. procuring

b. coordinating

c. : controlling

d. other sources of ionizing' radiation.

0. Request for Non-licensed 'Material..

1. Dedcription of fticility

2. Type and activity

3. gar and qualification of indiyidtial responsible. .

4. Purpose for whiCh used/,

5. Detection instruments to be employed

6. Health protection measures

7, Monitoring provisions

51.0

531
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Q.

.s.

Control.

1. Procurement

2. Receipt
tf.

3. Storage

4. Inventory
.

5. Surveillance

Safety Procedures.

1. Purpose

2. Philosophy

3. Safety rules

4. Instruction to personnel

5. Radiation protection standards

6. Surveys

7. Caution signs, labels, and signals

8. Radiologic

IV. Problems: None

V. Solutions: 'None

ergencies

.511
53.2
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U.S. NUCLEAR REGULATORY COMMISSION

BYPRODUCT MATMJJ.. LICENSE No. 1- drAillkileidee't2

Par y IMMAnic Energy Act of 1954 and ':::le 10, Code of Fade 711eirtdations, Chapter

1, _Licensing of Byproduct Material, and in reliance on statements and representations here-
tofore made by the lit:emelt, a licratie is hereby issued authorizing the licensee to receive, acquire,

own, possess, transfer and import byproduct material listed below) and to use such byproduct ma-
teitial for the purpcee(s) and at the place(s1 designated 'below. This license shall be deemed to con-
tain the conditions specified in Section 183 of the Atomic Energy Act of 1954, and is subject to all

applicable rules, regulations, and orders of the Nuclear Regulatory Commission now or hereafter in effect-

and to any conditions specified below.

Licensee

t. Nam( Department of the Arrhy
U.S. Army Ordnance Center and

2. Address School
Radiological Branch
Technical Division
Aberdeen Proving Ground, Md 21005

lyproduct material
telemettt and mass number)

A. Any byproduct material
with Atomics Boa. 3-83
inclusive

9. Authorized.use
04. roe. 2)

accordance with application
dated September 27, 1965,

3. License number 1-2861-1 is "amended

4. Expiration date
December 31..1967

5. Reference No.

7. Chemical and/or physical
.form

A. Any

(Is&

8,, Maximum amount of radioac-
tivity which licensee may pos.'
sus at any one time

. 100 stillicUries of each

3s,

A. Research and Development ea defined in Section 30.4(k), Title 10, Fart 34, Code of
Federal Regulations, Chapter 1, *lulu of Generel Applicability to Licensing of
Byproduct Material." Laboratory and field instruction in radiolosioal defense.

(gem pie 2)
10. Unless otherwise specified, the authorized place of use is the licensee's address stated in Item

2 above* ./

11. The Howes shell amply with the provisions of Title- 10, Part 20, Code of Federal

LCONDITIONS

Reetslatieee, Chapter 1, *Standards for Protection Against Radiation."

12., lyproduct material shall be seed by, or under the,supervisiOn of, individuals designated

by the U. .S. Army Ordnance Center and School Isotopes Committee.
YM

13. In;lieu if the control device requirements of Section 20.203(c)(2), the ranee lanja
radielagical field shall be enclosed by a fence Aix -feet high (four feet of hog wire
tapped by at least three strum& of barbed wire). All sites into tie Pelham Renate

radiologieal field ikon be padlocked at all 'times attempt for entry by authoris,ett

parrigarel. _ .r.-

,

.
,

,

.

. ,

14. A. Usk sealed souros impaired from anotbererson and containing byproduct material,

ether dean iydregsa 3, with a half-life Oster than thirty days and In.,any fors
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;IMO.11.1463 ".. U.S. NUCLEAR REGULATORY C OMMISSION Page_OLPage
MATERUi4IXEN8E..

Supclunenwy Shoirt

Conftwd Prom Ave....1__

ma COM FOR VIM MO

6. Byproduct malarial
(oironiat and man nut:oboe)

I. Cesium 137

D. Cobalt 60

I. Cobalt GO

License Number 1401.1
(1,67)

AMISCIST $0.

7. Ciurrnierl andfix physical form 8.

2. Oak Rids Katie al Lab-
oratory Sealed Source

C. Ca- MP Motional hati- -C.

oratory Isalot Scums
D, (lemma Industries lump- D.

insisted Sealed Source.

I. Oak Ilia, taticaal lab- 8.
oratory lleslod Souros

11.

Maximum amount of radioactivity wlaida
limns** may possess at any ono lima

-1 sour" of 135 curies

/SO curise-rostained in SO
sources of 15 crates 'tech
15,180 curies contained in °
1020 sources of IS curies
each

1 source of 8 curies

Authorised use continuods

I. for use in Model AM/U0NplA ladies Calibrator for calibration of instruments.
C. and D, for use in Polham IMMO radiological field for training Li radiological defense.

74: use in Model AMAIDNol Isaias Calibrator for calibration of instruments.

Condition 14.A. oentimusds

ether than yes shall be tasted for oentssdnation and/or leakage prior to use. In :
the absence of a oertificate from a trassferci.indicating that a toot bas,beon suds
within six months prior to, the transfer, the sealed source shall not be put into
use until tested.

I, Each sealed source fabricated by the licensee shall be tsstedifir contamination
and/o leskage immediately after fabrication, If the test reveals the presence
of 0.005 microouris or more of movable contamination, the Hamm shall repair
and/or dicontamdsate sad retest the source. heeled sources fabriiated for dis-
tribution and containing byproduct material (with the exception of byproduct
usterial with a,half life not exceeding thirty days, byproduct material in the fors
of ,gss, and Iridium 182) shell, in addition to ansinftial test upon fabrication,
be stored for a period of seven days'and rotaste4 prior to transfer to another
person or as-otherwise specifically provided for in thik license.

C. took sealedIANUtee containing byproduct arterial, other than Hydrogen 3, with a
half -life greater than thirty days and in any form other than gas shell be tested
for leakage and/or oostsmination at intervals not to exceed six months.except the:
snob source designed for the purpose of emitting alpha particlei shall be tested
at intervals not to exceed three swaths.

(See page 3)
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Cone' 14, continued:

U.S. NUCLEAR REGULATORY COMMISSION

BYPRODUCT MATERIAL LICENSE

Supplementary Sheet

ti

Page_3 _oL_ 4 Pages

LicenseNhanber 1-7RA1-1
(L67)

ANCNIMENT NO. 12

D. The teat shall be capable of detecting the presence of 0.005 microcurie of radio-

active material on the test sample. ='b4 test 'ample shell be taken from the sealed

source or from the surfaces of the device In which the sealed source isiermanently

or stmipermenently
mounted or storeeon which one might expect contamination to

accumulate. Records of leak test results shall be'kept in units' of microcnries

and meintainadlor inspection by the Commission.
"

Z. If the test required by Subsection A. or C. of this condition reveals the presence

of 0.005 microcurie or more of removable contamination, the licensee shall immsdi-'

nt..y withdrew the ssaled,source from use and shall cause it to be decontaminated

and repaired or to be disposed of in accordance with Commission regulations, A

report shall be filed within 5 days of the tfst with the Director, Division of

Materials Licensing, U.S.NuolearRegulatoryCommission,Washington,15.C.20545,des-

cribing the equipment involved,
the test results, and the corrective action taken.

A copy of such report shall also be sent to the Director, Region II, Division of

Compliance, USAEC, 50 Seventh Street, Northeast, Atlanta, Georgia 30323.

L.),IpliaucdtherequirementaaConditicn14.A.,sealed sources in the Pelham Range
1 C

radiological field shall be each tested according to the following schedule:

A, Ten percent of the sources shall be tested for leakage and contamination at six-

month intervals.

B. If any leaking sources are found in the ten percent tested, the leaking sources

shall be withdrawn from use and repaired or disposed of and another ten percent

of the sources shall be tested.

0.C. If any leaking sources are found in the second ten percent tested, the leaking

sources shall be withdrawn from use and repaired or disposed of and all the sources

in the Pelham Range radiological field shall be tested.

D. If any leaking sources are found in the remaining sources tested, they shall be

withdrawn from use and repaired or disposed of.'

16. In lieu of the requirementa of Section
20.203(f)(4), 10,CFR 20,' sealed sources in the

Pelham Range radiological field ms7 be labeled as follows:

Radiation Symbol (In-appropriate color)-
DANGER RADLOACTIVE MATERIAL UO NOT HANDLE

(Serial Number)
Notify Military Authorities i f Found

U.S. ArmyOrdnanclenter and School
AberdeenProvingGiund,A4d 21005

,(Some page 4)
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U.S. NUCLEAR REGULATORY COMMISSION . 1:paire_A_Gf_eir_Aossee

BYPRODUCT KA.TERIAL LICZNSE

fluppkonentary Shoot

ikenseNtnnber 1.2861-1'
(L67)

.

/JOU IlliT MC. 12

Ito lissome shall oalatalo a poloosont reootd of the quandi:-.17 s activity 'n each
worse sod the date of usamersoutt.

i7. inapt as apolitically pnwilimi oihervise by this license, tna lioeoeos shall,poasese
sod uas byproduct material deseribod is Items sad ot,this license in-
aoserdetwe witb,otatements, repreoeutatiens, ood-prusetkires contained in application
dated-fiepasskoz279...10631, sad snoodoest thereto datot-ihrtoeibes ay 19411...

OEC2 01965
Data

p

a

For the U.S. Nuclear Regulatory Commission

by =T Iaetcps. Iranch y.

togzitutitrasuomitar
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' BYPRODUCT =TERM LICENSE
Supplementary Sheet

License Number01.02861-01

Amendment No 15

nil l Cor py is Tor Your Mos

Department .of-the Army
U.S. Army Ordnance Center apd
School

Radiological Branch
Technical Division
Aberdeen Proving Ground, Md 21005

A .

In 4'6cm-dance ;tith
application dated1oVember'29, 1967, License number

01-02861-01 is amended as follows:

Items 6., 7.0., and 9. are amended to add0

6. Byproduct material
(element and mass number)

F. Cesium 137

7. Chemical and/or physical form

nnesoia Wining
and kianufacturing
Company Model
4F6S Sealed
Sources

8. Maximum amount of radioactivity which
licensee may possess at any one time

F. 2000 millicuries
total-no single
source to exceed
500 millicuries

9. Authoeixed use

F. Research and 'Development as defined in Section 30.4(q), 'title 10,

Part 30, Code of Federal Regulations Chapter 1 "Lulea of General

Applicability to Licensing of Byproduct haterial." Laboratory

and field instruction in radiological safety and radiological

defense.

Item 9.A. is amended to read:

9.A. Research and Development
Part 30, Code of Federal
General Applicability to
and field instruction in

FEB 7 1960

Date

as defined in Section 30,4(q), Title 1U,
Regulations, Chapter 1, "Rules of

Liconsinz of Byproduct itaterial." Laboratory

radiological safety and radiological defense

516
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WA014114511113N.13.C. 20310

MINOT: Byproduct Material License No. 01-0e861-01
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TO: Commanding Officer
U.S. Army Ordnance Center
and School
Aberdeen Proving Gro'und, Md 21001

'Forwarded, herewith is Amendment No. 15 to NRC Byproduct Material

14.0011111 No. 0.1-02861-01 for U. S. Army Ordnance Center and School,
Aberdeen Proving Ground, Md. d

t
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Section II

STATE REGULATION

If you are located in any of the States which
examine regulatory authority by agreement ith
the Commission, you must apply to the particu-
lar State regulatory agency instead of the NRC
for ri license to possess and use radioisotOpes.

Ai States are called "Agreement States."
State licensing and regulation of nuclear niateri-
ale under agreement with the NRC was author-
ized by Congress in 1959. Twenty-one* States
(Nahanni, Arizona, Arkansas, California, Colo-
rado, Florida, Ida ho, Kansas, Kentucky, Louisi-
ana, Mississippi, Nebraska, New Hampshire,
New York, North Carolina, North Dakota, Ore-
gon, South Carolina, Tennessee, Texas, and
Washington) had concluded agreements with
the Commission by mid-1969, and 24 others had
enacted legislation authorizing such agreements.
(Names and addresses of Agreement State regu-
latory agencies are listed in Appendix.A.)

The NBC's Division of State and Licensee
Relations cooperates closely with the Agreement
States in the development and execution of their
regulatory programs. A. continuing objective of
this coordination is to maintain compatibility of
the State programs with the NRC program.

The Agreement States already are responsible
for issuing over 40 percent of all current licensee

for the use' of radioisotopes. The States also
have jurisdiction over the use of other sources
of rad:ationradium, X-rays and acceleratdr-
produced radioisotopeswhich ars not covered
by the lidclear Regulatory Commission. Agreement
State authorities carry out an,on-site inspection
program to determine whether licensees are corn

plying with the State's regulations and the re-
quirements of their licenses.

Licenses issued by Agreement States are rec-
ognized by the Commission u general licenses
to conduct the same activity in non-agreement
States, subject to pertinent provisions in NRC
regulations, provided certain conditions are met.
The Agreement State licensee must: (1) regis-
ter with the NRC prior to engaging in activity
in the non-agreement State by filing NRC Form
241, "Report of Proposed, Activities in Non-
Agreement States"; -(2) dispose of, or transfer
radioactive material only to persons specifically
licensed to receive it or who are exempted from
licensing; (8) possess or use materials in none
agreement States u authorized by the Agree-
ment State license no more than 20 days in any
12. consecutive months, Agreement States recog-
nize NRC licenses under similar reciprocity
procedures.

518
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Section III
- .

SAFETY STANDARDS AND REGULATIONS

In applying for a license to use radioisotopes,
you a .11 need to understand the radiation safety
stand irds and certain other regulations issued
by the NRC. These rules are designed to- protect
workers and flu, general public from harmful
exposure to radiation. They have been adopted
',37 the (' mmission aq the basis for its lici .isiiig
Ili.. surety controls, in accordanCe with the pro-
visions of the Nuclear Regulatory Commission
ror 'protecting health and safety. 'The regula-
tions are published unde,r Title 10 of the Code
of Federal Regulations.

The following regulations relate to radioiso-
tope licensing and safety :

lo CFR Part 20, "Standards for Protec-
tion Against Radiation," which contains
standards of safety applicable to all per-
song possessing or using licensed radio-
active materials. This is the bale radiation
safety regulation.

10 CFR Part 30, "Mules of General
-Aeplicability to Licensing of Byproduct
Material," which contains the basic rules
for licensing of radioisotopes, but certain

)aspects of byproduct material licensing are
dealt with in Parts 31 through. 36. These
different aspects are indicated by the titles:

10 CFR Part 31, "General Licenses for
Certain Quantities of Byproduct Material

'For the convenience of licensees desiring such a service.
the NRC provides prompt distribution of *11 rule changes
through the/Government Printing °face on a subscription
ha -Is. The service consists of a complete loose leaf- set of
NRC Rules and Rrgulruc sv (Title 10. Chapter 1, Code of
Federal Regulations) and 14 placement pages reflecting amend
meats to effective rules and proposed rules sa they are Pub-
lished la the Federal' Register, keeping the set up to date.
Is addition to the rules and regulations, the bet Includes a
crons/stem:01 section of statements of consideration pub-
lished at the time each regulatton was issued or amended.
NRC Riles sad Regulations. Including all replacement pages
ter als ladellialte period. may be ordered only from the Super-
latendeat of Documents. Government Printing Glee, Wash-
lagtoa, D.C. 10402. The price le 17 00 ($2.00 additional for
foielga

741-101 0-40-2

and Byproduct Material Contained in Cer-
tain Items."

10 CFR Part 32, "Specific Licensee to
Manufacture, Distribute, or Import Ex-
empted and Generally Licensed Items
Containing Byproduct Material."

10 CFR Part 33, "Specific Licenses of
Broad Scope for Byproduct Material."

10 ('FR Part 34, "Licenses for Radiog-
raphy and Radiation Safety Require-
ments for Radiographic Operations."

10 CFR Part 35, "Human Uses of By
product Material."

10 CFR Part 36, "Export and Import of
Byproduct Material." '

10 CFR Part 71, "Packaging of Radio- '
active Material for Transport."

These regulations prescribe, 'among other
things, the kind of information which must be
submitted to the NRC by applicants for licenses
in the respective Categories; the criteria for
radiation protection; the criteria for approval
of license applications; rules pertaining to the
transfer of licensed materials; record-keeping
requirements, and rules 'relating to the amend-
ment, modification, suspension or revocation of

- licenses.
In developing NRC. regulations bn radiation

safety, the Commission is, guided by the recom-
mendations of the Federal Radiation
the NatiOnal Council on Radiation Protection
slid Measurements, and the Ieternational Com-
mission on Radiological Protection. Industry
representat ivies and other interested persons are
invited to leibinit comments on proposed rules.

The NRC Division of Radiation Protection
Standards continually reviews radiation safety
requirements and makes necessary revisions to
keep safety regulations abreast ol developments
in the use of atomic energy and man's growing
knowledge about the effects of radiation.
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Section IV

YOU MAY NOT HAVE TO_GET A SPECIFIC LICENSE
Many prospective users Of radioisotopes will

not have to obtain. specific lfcen\ses because of
exemptions applying to particular kinds, quan-
tities and it-es, or because of getAal licenses
which permit possession and use of specified
radioisotopes within stated limitations. Both the
tr neral licenses and the exemptionsare pub-
lished in the regulations. Pertinent parts of
the regulations are reproduced in Appendix C
(for general licenses) and.Appendix D (for
exemptions).

A. General Licenses
. General licenses are effective without the ne-

cessity for applications or the issuance of licens-
ing documents to particular persons. A general
license permits the possession and use of speci-

.fied .hinds and quantities of .radioisotopes,
subject in some cases to certain regulatory re-
quirements. In some instances, registration with
NRC is required to use radioisotopes under a
general license.

Most materials and products available under'
a general license and the limitations upon quan-
tities and uses are listed in Part 31, "General
Licenses for Certain Quantities of Byproduct
Material and Byproduct Material Contained in
Certain Items. (See Appendix C.) Radigiso-
topes which may be used under general licenses
are for the most partincorporated in products,
devices or equipment manufactured under spe-
cific licenses issued by the Commission, or by an
Agreement State. If you want to use a commer-
cially distributed device containing radioiso=
topes in an industrial operation,iyour supplier
should be able .to tell you whether it is dis-
tributed under a general license and, if so, the
conditions under which it is to. , be used. For
etample, certain equipment purchased tinder a
general license must be installed 6y the manu-
facturer or, distributor, and after installation
the devices may not be transferred, abandoned,
or disposed of except by transfer,o,persons
specifically licensed to receive it.

There are other general' licenses besides those
included in Part 31. A general license for medi-

cal use of limited quantities of designated radio-
isotopes is contained in Part 35, "Human Uses
of Ilyproduct Material," which lists the routtine
diagnostic procedures authorized .under this
general license. General licenses for the export
of specified kinds iand.quantities of radio -'
isotopes are published in Part 36, "Export and
Import of Byproduct Material." Importation of
certain quantities of radidisotopes is permitted
wider a general license.contained in Part 31.
(All of these are contained in Appendix C.)

Users or prospective users of radioisotopes
should- acquire an understanding of the regula-
tory provisions relating to :theirs use of bye
product material because the use of radioactive
material is subject to 'Some requirements unless
the use is'under an exemption from licensing.

B. Exemptions"

The exemptions from licensing requirements
are set forth in detail in Part 30, "Rules of

, General' Applicability to Licensing of By-
product Material. (See Appendix D,) Of par-
ticular interest may be the exemptions forsmall,
quantities of certain radioisotopes when. incor-
porated in specified products. The manufacture
and distribution of such products are generally
subject to specific licensing requirenients. Au'
example of a product containing radioactive ,

materiel which is exempted is a watch whose
hands and dials are made luminous by applica-
tion of the radioisotope tritium or Promethium-
147. The manufacturer of luminous watch dials,
however. must be specifically licensed.

Exemptions frontlicensing requirements are
based mainly on a determination by the Com-
mission that the exempted classesor quantities
of byproduct material or'kinds of uses or risers

%i ill not constitute an unreasonable risk to the
common defense and security or to public health
and safety. Aby interested person they apply to
the Commission for exemption of a paKticular
chess, quantity, of use of radioisotopes, Sunder
the- criteria, of the Gommigon may make an
exemption on its own initiative.

5 2 0
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;4* Section V

QUALIFYING` FOR A

If yop desire to possess and use radiolsotoPes
- in a manner, form or quantity not exempted

fmnrlicepsing and not covered by a general ,
*tame, you will have to apply kir and obtain
a specific license fiom the Commission (or an
Agreement State) issued for specified uses. (The
applicant may be an individual, firm, corpora-
tion, association, public or .private institution
or agency.) ""-

A. Preparing an Application

Here is how you go about applying for a
icense to use radioisotopes:

Your application ordinarily should be
submitted on Form NRC -313, the basic
application form for byproduct material
licenses. (There are other, application forms
for special purposes.) Form .NRC-313 is
accompanied by a sheet of instructions
which you should follow closely in prepar-
ing your application. (A completed sample
Form NRC -313 is reproduced in Appendix
E, with the instruction sheet.) Supple-
mental sheets may be attached to Form
Mc -313. Application forms may be ob-

. tained by writing to the Director, Divi-
sion of Materials Licensing, U.S. Nuclear
Regulatory Commis sion; Washington, D.C.
20545.

In filing your application, you should
sty* two copies of Form ,NRC-31& and
tin- each of the supplemental sheets or
other attachments. You should keep at least
one Complete copy of your "application for
your files because the- license usually re-
quires that you follow the procedures and
limitation's set forth in the application. It
also will come in handy if you need to

1.1

521

SPECIFIC LICENSE

obtain an amendment to your license at any
time and when you apply for renewal.
Depending upon the complexity of your
.proposed operations, you may need to sub- .
mit comprehensiye supplements describing
your procedures and other pertinent facts.

The information you give on FormilM C-
313 is evaluated by the NRC to determine
whether you have the neeessary,qualifica-
tions to condtkt your proposed operations
in compliance with the Commission's safety
standards. While you must state the pur-
pose for which you intend to use radidiio-
topes, it should be understoo1 that thell:IRC
in issuing a license does not pass upon the
technical merit of youuroject, but is con-
cerned only with its saTetyexcept that in
the case of Attest uses, radioisotopes are
pot authorized for routine administration
to humans unless it has bees demonstrated
through research that they are likely to ac-
complish the desired results. Applications .

for nonroutirie medical uses of radioiso-
topes are reviewed by the Commission's Ad-
visory Committee- on Medical Uses of
Isotopes.

The NRC 's safety evIluation of your ap-
plication is made on the basis of your train-
ing and experience and the instrumentation,
equipment, facilities and procedures you
propose to use fin: radiation protection and
waste disposal. It is importtnt, therefore;
for you to present the required information
accurately, clearly,nd completely. If your
employees are td handle ritGlioisotopes, they
must also have adequate training and
experience, and this must be shown in the
application. In some cases a member of the
NRC regulatory staff may visit an appli-
cant's plant' or laboratory before action is

542
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Training' in basic radioisotope han-
dling techniques should include training in
(a) the principles and practices of radia-
tion safety; (b) radioactivity measare-
ments, standardization and monitoring
techniques and instruments, (c) mathemat
ics and alculations basic to the use and
meisurenient. of radioactivity; (d)

effects of radiation; and (e) the
handling or use of radioisotopes corrunen-.

surate with the types and quantities to be
employed in the program. The extent of
experidnce and training required is based
upon the natuT and complexity of a given
program.

The application must include your name
and address and give detailed information
on the quantity, type, and chemical or
physical form of radioisotopes to be Aed,
and the purpose for which nadioiiOtlepes
will be uped.

B. Special Licensing Guides
To meet problems peculiar to certain cate-

gories of radioisotope use, the NRC' his pre-
pared special licensing guides to assist_appli-
cants for licenses in these fields. A. prospective
user of radioisotopes in any of these categories
should obtain the appropriate NRC licensing
guide and folloli its instructions carefully in
preparing his application. He may have to Ilse
a special application form, which will be indi
cated in the particular licensing guide deiling
with his field of interest.

Single copies of these special guides may be.
obtained at -no charge by writing to the Direc-
tor, Division of Materials Licensing, U.S.
Nuclear Regulatory Comthission, Washington, D:C.

tii 20545. The titles are:
"NRe Licensing GuideMedical Pro

grams"
"NRC Licensing GuideIndustfial Rndi-

ography"
"NRC Licensing GuideTeletherapy Pro -

Training may be obtained by attending* college or uni-
venity **arms or short courate sponebred by the Boma of
Radiological Health, HEW, Rockville, Maryland 20850 or
Special Training Divisiqn, Oak Ridge Assodated Universities.
P.O. lox 111, Oak Ridge, !Tennessee 37$30. Courses 112 the use

JAR and operation of 'Adularia' gauges or radiography equipment
'are available from companielvalch distribute this equipment.

4

HOW TO 'GET A LICENSE TO USE RADIOISOTOPES
r.;

C. The License and Its Provisions

If your application is approved, the Commis-
sion will issue you a Byproduct Material Li-

cense, Form NRC -374. As a licensee, you must
- confine your possession and use of radioisotopes

to the locations and purposes authorized in the
license. Authorization of locations and purposes,
howe%er, may be quite broad, depending on the
needs of the licensee. For example, locations
authorized by an NRC license may be anywhere
in the United States (except Agreement States);,
if circumstances warrant. -

Your license carries with it, unless otherwise
provided, the right to receive, acquire, own and
import radioisotopes and -to transfer them to
other NRCI or State licensees authorized to.re-
ceive them. Exiorfs of radioisotopes bylicenscifs
are subject to certain restrictions set forth in the
regulations.

The Commission may incorporate in any,li-
cense additional requirements or cooditites
deemed' appropriate, or necessary to public
health and safety or to the national security.
(A sample license is reproduced as Appendii
F.)

D. Special License Conditions

Since there is such a wide range in the kinds
of radioisotopes, their uses, and the quantities
involved, individual license applications occa-
sionally present unusual considerations that
require specialized licenses covering circum-
stances not contemplated in the regulations. In
such cases, the Commission may include in a
particular license specifiurequirements covering
those mi.itters-not expressly defined in the regu-
lations. Ifz after a license is issued, it. is found.
that some aspect of the licensee's activity has
not been appropriaiely covered by the regula-
tions or by the conditions in the license, the Com-
mission may issue an order imposing additional
requirements upon the licensee. On the other
hand, a licensee may request amendment of his
license to change or eliminate a condition when
lie feels his operations warrant such consider-
ation.
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E. ,Expiration and Renewal

The term of a license for radioisotopes may
be from two to five years, depending on the na-
ture of the licensed activity. The expiration date
of a license should be carefully noted. When a
ll'oetore has filed an application for license re-
newel X days or more before its expiration, the
existing 'license does not expire until the new
application has been finally acted upon by the
Commission.

An application for renewal of a license should
be, filed on Form NRC -313 under the same pro-
cedure as that for the existing license. Informa-
tion contained in previous applications, state-
ments or reports may be incorporated in the
renewal application by reference, provided that
emu. h references are clear and specific..

F. Amendments to Licenses

Application for amendment of an existing
license should be filed on Form NRC -313 under
the same procedure as that for a new license,

except that it is not ordinarily necessary to sub-
mit a completely new application. In applying
for an amendment, a licensee should specify how
he desires his license to be amended and the
reasons for amending it, such as the need for
additional radioisotopes, increased quantities, or
the like.

0. License Fees

The Commission's regulations in 10 CFR Part
170 establish, fees for certain types of licenses.
Fees are charged for only two types of byprod-
uct material (radioisotope) licenseslicenses
which authorize the possession and use of 100,-
000 curies or more in sealed sources used for
irradiation of materials, and licenses which au-
thorize the receipt of waste materials from
other persons for the purpose of commercial dis-
posal by the waste disposal licensee. The Com-
mission is continuing to study the subject of fees
for materials licenses not covered by.the current
schedule in $170.31 of 10 CFR Part 170.

5s:3
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Section VI

- WITH A LICENSE GOES RESPONSIBILITY

While the NRC decides that an applicant is
properly qualified to use radioisotopes safely
Ly virtue of training and experience, facilities
and equipment, and operating procedures, these
qualifications do not in themselves assure safe
use. The NRC relies on. licenses management to
see that employees use radioisotopes safely and
in accordance with, the requirements of the
license and the regulations. -

Maintaining radiation safety requirei respon-
sible planning, sufervision and adherence ,to
safe practices on the part of the licensee. Oper-
ational safety is governed by two factors. -The
first consists of the material, equipment and

-procedures used. The. second 1 oonsiets of the
persons who use the material and equipment,

.1 0

4

which includes maintaining sufficiently trained -
personnel. Both factors are under the control of
the licensee. Operational safety, therefore, is hie'
responsibility. periodic checks to see that 'em-
ploy,* are following managementi instruc-
tions and radiation safety rules are essential in
maintaining safe operations.

Commission regulations iroquire licensees to
maintain certain records concerning their pro-
gram. Management should give particular
tendon to establishing a;aysteit of records coy-
ering'the receipt, transferrexport,-and disposal .
of radioisotopes; radiation exposure of persons
working in the program, and surveys made to
evaluate radiation safety,

%V
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Appendix E

UNITED STATES
NUCLEAR REGULATORY COMMISSION

INSTRUCTIONS FOR PREPARATION OF

APPUCATION FOR BYPRODUCT MATERIAL LICENSE

FORM NRc13 and 313a

GENERAL INFORMATION

An applicsat for a "Byproduct Material (Radieraotopes),Licseme" .
Math! alarmism loan tt RC-313 I. detail .ad submit in duplicate
to the United States Nuclear Reedator Commission. The appli
should esidoivor to erne his wire radioisotope propfiss with ow
appliostisa, V p 1.. However, asparate appikotisses should be
submitted for medical talothorapy mod gamma Irradiators. Sup
plawaseal shwa may be appended when someury rto provide
compiom lafeenostion: farm IS moot be imskoieted OR al whey
hear Submission of an- isicatapkte apjhossion will often molt
Ins deli:yin sommace of Me license imams( the estrospsetdeact
atessawy re oitoist iolonswitioa requested on Me application.
Nord lifiron the application Uchida. us of the special uses listed
beim, the applocant Would request lib epicurism pamphlet
which mull& add:timed lastructioas:

I Industrial Radiegraphy"lacemag. RraraMyrunts for h.
duet* Radiography" (use applicatiso FORM Wilt-313R
for RadiograPhY):

2 Tolotharapy"Licsasiag Raoul: moats foe" Toletharapy
Programs:"

cant,

EXPLANATION OF
him IN. "

1 (a) The "applicant" is the oriinIsa(ion or person
legally responsible for possession and use of the by-
product material specified in the application.

(b) Indicate other addresses) at which byproduct
mite:isl will be used, if &Strut. from 'that listed in ,

1(a). A post office box number is not aeceptablo.

, 2 The "department" is the department or similar Job-
' diuisioA where the byproduct material wall* used.

3 Sol f-explanitory.
.

'hut ",indivritual user" II the 'person experienced In upe
and safe handling of radicesotopes. I the application,

t is fir "hunsaistee,", the iaiiirdwal user twat be a phy-
sleben lieensett by o State or Terrify* of the fixity!
Stake to ,slitpenie elrair se the practise of medicate
sad have. *strati* experience for each proposed
elinicel use. .

litiolf-explatiatory.

(a) List by um* oath, riciloimitope. desired, ouch as
4 "Carbon f 4," "Cobalt 40," etc.

(e) List chemical an/' /or phisieal fond for each
isotope and the mcintity of each which the applicant
'asins to possess at any onetime. If more than one
1111011114:111 or physical form of S particular radioischope

,

t

3 Broad License (research aid devologsseat)"Lie eeriag
Roquirmaeou for Broad Licenses for Remus* and Derail-
opium:" sad

4 Brom( Lima* (medical usos)"Licamiag Requirements for
Broad

Limo
Use." '

The FonaNRC-3134 should belawapkhal in derail oath rime a
Medical request is made fors human use of radioisotope*. Two
copies of the completed Form NRC-313 and 313. (if a medical ap-
plication) and two copies of each *otiose:. thereto, should be mat
to IM US. Nue ear Regulatory Commission, Division Of Materials

WimblIgton. D.C., 20645. One copy should be Maimed
for the applicant's Ala.

FOAM NRc-3I3

is desired, a separate pocisesolosi limit should Ile stated
for each form. For example, an appliiant desiring to

'um two thilaital forms of Iodine 131 must specify both
-forms and .possession limit for each form. Example:

Iodine 131 Iodide 10 malice:its
Iodine I3 , Iodinated Human ' 1 A lellicur

- Serum /Albumin .

Krypton 36 Gas 1000 mink-caries,.

If the byproduct material is to be obtained an a sealed
source (s), specify the manufacturer, model member;,
and amount of activity in each sealed source. Example:.-

* It 100 me 300 milikurke
each' (Ise Corp. Model,

7 State the use of each byproduct material and thorniest
form specified in Ann 11(a) and (5): If the 'Mick*.
tope is for "human use," le not cranpiete this item; ma.
plete Form NRC-,11.1a. Supplement AHums

114 These Items must be completed for each Individual
named In Item 4. If Mire than one individual is listed
in Dom 4", clearly key the newt( oath individual to hip
experience.

10-11 SelexplanatarY
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HOW TO WIT A LICLNSZ TO 176,10 RADI01/30TOPI

Appendix E-- Continued

UPLANAT)ON CF FOAM NRC-3 IleSUPPLEMENT AHUMAN USE

3 !Were Regulations provide that the valet physician
have suhetantial experience in the prepseed use, the
handling and sdiainistratien of radioisotopes and,
There applicable, the finical management of radie-
idly* patients. The "physician must fund& suitable
evidence of suck expel-loam with his applicaties. Sup-
plement AHuman UsePap f is provided for 110/1
'sideway prseettlag these details.

4 Name or describe each clinical use for each racliolsotape
and chemical form Matinistered. List rsdislogical
protection procedures is be followed in ruffs:feat detail
se permit a realistic eviduatimi of the potential radio-
logical hasards.
(a) Dosage for treatment of patents will *mead upon
the Anna' juigniestet the respessible physician; the
N RCl is only interested in the proemial demo range.
(h) For experimental pretreat' or new and unusual
tow the maximum single dose of radiesnaterlal to be
adadaistered should he laeladod and the approximate
number and frequency of such doses. Rationale for
riammally high dosages shield be presented. The pro-
posed use should be (unlined In detail dessatetrating
that radiological health safety I. the patient will not
be Jeopardised. If the use duplicates, or is based an',
a we reported in the technical literature, in abstract
of such a report or ankle and a brief statement as to
how such use wilt be followed or modilled will rake.

0 Radioisotopes furnished 4y N Rc facilities are pharma-
ceutically UNREFINED. An applicant shoald include
interraation regarding processing er standardization'.
procedure if byproduct material will not be obtained
in precalibrated "torn for oral adriiinistration or
precalibrated and sterilised form for parenteral
adasinist istion.

lialfospisaMeo.

Ins) Give the was sad scidiem(es) Of the bespitalle)
which will adrift your patients that have hese admin.
Waved radiekatepes.

(3)84,bstit la duplicate a copy of tlm redislogics1 protac-
tisn.he furnished to the hospital remould' re-
gardieig the are of Wines to whom ridieleoteme have
been seladaistersd. Attack ales a list of radiatioa in-
*rowels you will make available to the hoeplitaL

f (a), (3) To be completed by using physician.
10,11, It is recommended tkat dress WMs be completed by the

12 applicant physician's preceptor in the medical use of
radioisotopes. Thtpremptoring physician is usually

a the chairman of the medical Isotopes committee of
the institution where clinical experience was acquired.
However, the preceptor may be a staff physician exPet.-
rienced in the clinical ass of radioisOtopes under whom
the using physician's radioisotope training and expo*
Ewe was acquired. If possible, the using physician's,
entire clinical radioisotope experience should be ini
eluded. Additional comments may be presented in the
space provided on page 4.

Non. F.r Medicalinstitutional Type Pregrain
1 List the names', medical specialties, and radioisotope

experience, if any; of each member of the local isotope
committee.

2 State the procedures the local isotope committee will
use to control the procutement and to approve uses of
radioisotopes at the institution.

Submit a copy of Instructions given to nurserAsho will
care for patients containing byproduct material.

4 Submit a copy of radiological protection rules and pro-
' cedures given to individuals using radioisotopes at the

institution.

`;526
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111AS1ING AND EX/WHENCE Of EACH INDIVTOUAL NAMED IN ITEM 4
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so
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Oak Ridge Institute of Nuclear
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6 weeks
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1 year
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2 weeks
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.
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SAMNA APPLICATION

Appendix EContiriued

tom NRC 313

10 Oft 3O

UNITED STATES NUCLEAR REGULATORY COMMISSION

APPUCATION PROW( MOM LICENSI
914.44.
114444 bums. Ha 31141127

INSTRUCTIONS. Complete items 1 through 16 if this is an initial application for renewal of a license. Information
contained in previous applications filed with the Commission with respect to Items 8 through 15 may be incorporated
by reference provittpd reforences are clear and specific. Use Supplemental sheets where necessary. Item 16 must be
completed on all applications. Mall two copies to. U.S. Nuclear Regulatory Commission, Washington, D.C., 20545.
Attention. isotopes Branch, Division of Materials Licensing. Upon approval of this application, the applicant will
receive an NRC Byproduct Material License. An NRC Byproduct Material License Is issued In accordance with the
general requirements contained In Title 10, Code of Federal Regulations, Part 30, and the License Is subject to
Title 10. Code of Federal Regulations, Part 20.

. is) NA441 AI PRINT AS Of AMMAN, (14464.44. Am. 44144441

am". ea WW1, 21/ Cadf.)

National Foundation for Research
2042 Grand Avenue
Anolprson, Indiana

2 UlTlitbff TO UM urompopoor MATT U

Radioisotope
a

(b) AlbOtli3(t3) AT WYTIOI StItODUCt Arnim WILL et woo
44a bee 1103 GIs )

Same

3 FAMOUS OCIF434 suorigal I164 .,,roam is MIMel Id 1001110.

pima mks* mal vm tome. )

ONSIVIIIUAL MOM Moms em41 lobo of .4414,41.40(4) 4.4* Ina */ dm*
.4.444.4* me of Wp/e seehrobl Gm. Worms dad 4140morsone r bra a god f

Chesteen Craig

None

3 14.1314.0014MONCCINCOFKU PirleddmorpmellwroolWommAr.mmWmc
gorNawdoillowlimmodersigftwor Oftc1 mommeiM4MreemWolowwww,
mmesgowiloWf)

Same as user

(e) WITIODUCT./ .r

A.

B.

C.

D.

E.

MAT11144 1414.6*
6

32

lb) 011.414CAL
ICAL

00141*

AND/04 *MIKA& FORM AND MAXIMUM NUMI Of NIUKUtlif Of IACII CHIAUCAL -44440/00
SOON THAI YOU 'MU rOssess AT AMY OM MAI (II ,..lord mm-m(s). Moo *NM Immo d monolimistr. .,mis.woe*, of 4.40G)

Carbon 14
Iodine 131
Phosphorus
Cobalt 60

Hydrogen 3

Of ilhatIN 44441 mow.. orhey p. woca

-A, Any - 100 millicuries.
B. Any - 50 millicuries
C. Any - 50 millicuries

rra-

D. Sealed Reference Source (Acme Co. *del R-1) -

5 millicuries
E. Tritium Foil (AAk Corp. Model 508) - 200 millicuries

.'
7. DESCRIBE PURPOSE FOR WHICH BYPRODUCT MATERIAL WILL BE USED. (If byproduct material is for

"human use." supplement A (Form NRC-3 I 3a) must be completed in lieu of this item. If byproduct material is

in the form of asealed soLuri,e, include the make and model number of tbe Loitamer and/or device in Whit.h thei
source will be stored and/or used.)

A. through C. Laboratavtuilles in animals: Chemical synthesis of labeled compounds.
D,

E.

4

Instnime4tcalibratigin.
-For us in A&M Corp. Model.5120 detector cell used in a gas chromatograpb.
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SAMPIX. APPLICATION

Appendix EContinued

SAMPLE APPLICATION

rn

'Item 13

All isotopes are received and stored in the Radioisotope Laboratory. This facility
is equipped with lead storage containers, portable lead bricks for shierding, re-
mote handlidg tongs, work benches, minks, trays, waste containers, and similar equip-
ment. See attached sketch of layout. The counting room next door contains the
measuring instruments and the room is equipped with table, lahoratory bench, sink,
and waste container: See attached sheet for animal uses.

Item 14 and Item 15

All isotopes must be procured by the purchasing office upon'approval of the Direc-,
tor of Research.

Isotopes will be stored in a locked storage container in the Radioisotope Labora-
fory. Only persOns under the supervision of the responsible user shall have access
to the materials.

Weekly surveys will 'be made with a GM survey meter in all areas where isotopes are
handled, stored, or dispensed. Chemical synthesis of labeled compounds or any
handling of bulk radioisotopes will be confined to the radiochemical hood using ap-
propriate shielding to reduci radiation levels. Laboratory coats and rubber gloves
will be worn wheh processing loose materials or handling contaminated articles.

All repair and maintenance of sealed sources will be performed by the X Company.
The responsible user will leak test the-sealed source by using a dampened cotton
swab held by tweezers while the source rests in the recess of its storage container.
The test sample will be counted in the gas flow counter;

PROCEDURES 'FORUSE,OF BYPRODUCT MATERIAL IN ANIMAL RESEARCH PROGRAMS

All samples of byproduct material to be administered to animals will be prepared in
the Radioisotopes Laboratory on easily decontaminated surfaces or in a ventilated
hood if necessary: Rubber gloves end laboratory coats will be worn by personnel
during these'preparatiolls. Remote handling tools are available and will be used
when necessary. Allcpipetting,of radioa&tive material will be performed with are-
mnte pipetting device.

Experimental animals,will be caged in a room belpw the Radioisotope Laboratory: The

animals will be injected with byproduct materials either in the animal room or the
Radibiaotope Laboratory. The animals will remain in cages until their excretions -

contaih only background. amounts of byproduct material, or until they are sacrificed.

The excreta from the animals will be disposed of into the sanitary sewer in con-
.) centrtons not exceeding those specified in Section 20.303 of 10,CFR 20,.with a

total ilsposai.not to exceed 1 curie per year.

All dry by product material waste will be deposited in properly labeled metal cans
provided in the laboratory and animal room. The,cans will be lined with disposable
polyethylene bags. Short-lived waste will be stored until it emits only backgrbund
levels of radiation as measuredAiith a survey meter at contact. The waste will then
be, disposed of in normal trash after all labels denoting radioactivity have been re-
moved.

550
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Appendix EContinued

Sacrificed animals containing short -lived byproduct materiel will be stored.in a'

freezer until the radioactivity has decayed to background and then thiy will be dis-

posed of in normal-trash. Solid long-lived wastes will be'dispotod of throUgh i li-

censed commercial waste disposal company.

Aminal cages will be decontaminated with detergent and dcrub brushes. Laboratory

coats and rubber gloves will be worn by, personnel. Contaminated eater will be

flushed down the sink or floor drains in the animal room. .

The animal room and laboratory vill'be surveyed for contamination and radiation

levels after saeh preparation and/or administration of radioisotoFm40. The animal

room will be locked unless attended by an authorised user. o byproduct material.

,

'
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Appendix EContinued.

SAMPLIS APPLICATION

0 0
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.
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DF380, AIR SAMPLING

A. Air Samp).ing.

1. Gaseous Pollutants.

\I Gaseous pollutants may be sampled by monitoring the atmos-

phere with a special gas monitoring instrument such as the

T-290 (used for tritium monitoring) or by adsorbing, ab-

sorbing, freezing out, condensing orgrabbing a sample of

the atmosphere or environment and counting it on an ap-

,propriate instrument. In the latter techniques the volume

of the sample must be considered.

2. Particulate Pollutants.

Particulate pollutants exist as small particles of dust

or debris suspended in the air., They may be retained

within the respiratory tract if inhaled. The most common

method of sampling for these particles is filtration.

Necessary apparatus may be broken into three general groups:

air mover, filtration medium, air flow measuring device.

a. Air Mover.'

The air mover is a mechanical device which draws or pushes

air through the filtration medium. A vacuum cleaner would

make an adequate high volume air mover. Commonly used_air

movers are manufactured under the trade names of "Staplex"

and "Gelsen."

b. Filtration Medium.

The filtration medium may be cellulose filter'paAt, in-

organic fibrous mat, felt, dry gel filter, or any other

suitable material. should be capable of trapping and

retaining the majority Of particles existing as contami-

nation and yet it should not greatly reduce the flow of

air through the system. The most commonly used filter'

media are fiber glass mats and filter paper. When samp-

ling is complete the filter is remoVed from the sampler

and.the quantity of coOtaminanedetermined on an appro.

priate*instrument.
4P
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c. Air Flow Measuring Device.

In order to-determipe the concentration of 'contaminants
in the air it is necessary to know the volute of air
sampled. A conventional device for determining air flow
is an air flow meter or "visifloat." These are an inte-
gral part of most commercial samplers. The flow, meters
are calibrated in cubic feet Per ml,nute. The total
volumeis the flow rate times the time of the sample.

B. Calculation.

a: There'are always naturally occurring isotopes pr sent
in the environment. Radon (222Rn) and Thoron (2 n),

are,naturally occurring rad.oactive 'gaseous descendant
products of Uranium 238 and Thorium 232. They, along
with their daUghterrproducts-ar-found through6ut the

;earth's atmosphere. .0ne must always consideF these
when determining the airborne contamination.

el
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a
.

AislIming that. the man-made contamination is long-lived,

the counts due- radioisotopes on. the filter at any

time after. A piing has been stopped may be represented

by t, he son .
.

=-- C
LL

+ C -1-Rn
-11.1 Rn

,where
CLL

counts due to the long-lived isotope

t

PJ)

counts due to thoron at time sampling stopped

counts due to radon at time serlplIng stopped

411n..=
decay consta4t of thoron series

= ',decay constant of radon series

t

Rn

= time after stopping ofair sample at which,

c4unt'is taken. 6

Th6 radon decay series decays to an insignificant amountof

radioactivity 4 hours \after the sampling is stopped

(t
1/2

= 30 min), "; ,

and C
1

= C
LL

+ C
TY

e-lTn-+1

where 'Cl. = a. count taken at least 4 hours after the
sampling is stopped

t
1

= the time after sampling of count, C1 ,

If a second count is taken approximately 20 hours
the initial reading,the number Of counts, C2, is

Lliht
C
2

= C
LL

+ C
Tn

e
-
Tn 2

after

where t
2

= the time after the sample at which'the second

count was taken.
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By transposing both equations to give an expression
for c

Tn'
equating the resultant expressions and solving

forC
LL

the following expression results.,

C
2

- Cie-14t

C
LL

1 - e
-X4t

where At = differende between t2 11nd t
1

(t
2

- t
1
).

With this expressionand counts taken 4 hours and
approximately ,24 hours after the sample one ca'.'n

determine the counts due to the long -lived isotope.

The e ession may be simplified to

2
C
1
0

C
LL 1 - 0

xat:
where = e_0

A table for various t's is included on page 562.

' 3, To convert counts per minute into disintegrations,per
minute per milliliter, the following equation is used:

Wm-ml =

cpm(C11)
r

(pa) x Eil,c1conect00.1c EL,
r-c(

counter)

Conversion fa;tors from cubic. feet to milliliters

(ft3) x. (2.83 x 10
4

) = ml

where d/m-ml = disintegrations per minute per cubic
centimeter '

cpm = counts per minute due long-lived, material

.

V (M1) = Ayolturre of air 'sampled in cubic centimetel

Eff(collector) = effigiency df collector

E
fc

(counter) efficiency of counter (-geometry)

556,
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.4

a

;

t.

To convert disintegrations per minute per mi. into

microcuries per mill the following is 'abed:

(dim-m.1) (4.505 x.10-7) =

where = microcuries per milliliter.

5.. The three eauations listed' above may be combined

into one equation, if desired.

(C2 - C10) (4.505 x 10-7)

(1 .93) 01=3 x Eff X Efj.

NOTE: V is generally expressed in ft3 to the conversion

. to cm3 is ft3 x 2.83 x, 104.

<'",1 ".

a
5 3 7:
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II, 'Student. Performance Objectives.

4
A, -Given standard.air'sampling equipment, set up and perform 4

routine air sampling operations...

.

3. Given:standard air ampling equpient after routine air
sampling operations, safely remove, cut, 'and prepare the
air sample filter for counting.

C. Given the prepared air 'sample- 'filter properly cut, petform.

required radiation counting bn this filter:

D. Given the coUnting'data from an air, sample filter,-'perform
-required calculations to ,deterdine the Xong-lived-activity.:

N
.

A

1

A

*

a

4
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U, I

y

V

Table Of e-/Ilt or A

as a Function of At

At in hours ', .

.

I

(
'''

.

At in hours
i'll ttrtln hours '

.

.

' fi

, .

),

,1

2

3

14

5

6

7

8

9

10

11

1?

13

114

15

16
. *

.

,

.93239

.87809

.81873

.77105

.726415

.677064

.63128

.59452

. 51433.

.51685

I .48675

:45384

12741

.39852

.37531.

.04994
:. .

,,

17

16

.1.9

20

21

. 22

23

-214

.25

26
%.

27t,

28,,

29:
.

30

'31 I

3?

,

;

`.32958

00728

'.28938

.26982

.25158

.23693

.22313
-,

.20805

.19398

.18268

.17033

.16041

.114957

.13946

43134

.12246

33

34

436

37

38-

39

. '140

L

,-
t
''''

I

42
. ,

43

44.

'145

146

147

...
48

.

--

,:.

'.32533

.10753

.10127

.0914142

.08892,

.08291

.07808

.07280

.06788

.06393

.05961

.05613

.05234

.04929

.014596

:0428-

Use 1. - 0.0655, (thorium)
.

Round off' exponents to .the n9arest one iiundredtb.
, ,
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III. Problems.

Class andiome'Study Problems.

1. An airborne sample gives a count of 403 cpm after 4 hours.

At 26 hours the count was 393 cpm. The background count

was 3 cpm.- The, collector wasq5% efficient. The volume

of air filtered was 6,000 ft3. The, counter was 10%

efficient.

o.

a. What is the airborne.concentration of the isotope

in 1.1.Ci/m1?1,

b.: If the isotope is known .Co be .239Pu, -insolUble'. is

the concentration within the established limit in

a restricted area? .

O

540

56V
..
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f

)

If the isotope were 233
U, soluble, would the

concentration be within the established limit
in a restricted area?

,

2. An airborne sample gives a counti of 41,000 cpm after
4 hours. At 24 hours, the count was 38,400 cpm. The
collector is 70% efficient. The counter efficiency is
10% and the background is 100 cpm. The sampler was in
operation 5 minutes at a flow rate of 20 cubic
feet per.minute.

a. What is the airborne concentration of the isotope
in uCi/ml?

(
511
.564
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b. Could this room be used if the isotope is Tungsten-181,

soluble, and the room is unrestricted?

fl

3. A samp }of airborne contamination was collebted for 2 hours.

The sampler filtered #O cubic feet per minute With 80% effi-

ciency and gave 1050 cpm 4 hours after sampling and 985 cpm

24 hours afte saiapling. The background was 10 cpm and the

counter efficiency was 8%. Further investigation showed that

the contamination was a soluble beta emitter with E at 2.3
II18..X

Mev and half-life of 61 days. It was found t? be Antimony-124.

Is the allowed airborne concentration for this isotope in an

unrestricted area exceeded?

542 .

65



4. -A sample of airborne contamination was taken using a
sampler with the following characteristics.: 115 v, .5 amp,
3,000 rpm, 0.5 horsepower. The sample. was collected
for 1 hour on a Whatman No 41 filter paper disk, 4 inches

, in disrrieter. It has been determined that this filter is
90% efficient. The flow meter on the sampler indicated

. that 21. c-abic feet per minute wete passing through it.
A'2-inch diameter disk of the filter paper, .counted 4 houri,
after sampling, gave a count of 81,466 cpm. After 27
hours, a count of 78,150 cpmwas obtained on the same 2-inch
disk. Counter efficiency was 5y6 and background was 36 cpm.
It was determined that the contamination was soluble Iodine-
131. Does the iodine concentration exceed those for an un-restricted area?

4

a,..
A

566
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5. Yoirare on a project, in which soluble Manganese-52 .dust

may become airborne.- AS a check, you routinely take 17 ,

hour air samples using a, sampler which filters 30 cfm with .

80% efficiency,. You use a counter with 15% efficiency.
An activity duQ to long-lived isotope* greater than a

predetermined number-of counts,per minute indicates a
need,to restrict the area. What id the predetermined

number?

I C."

,

'
544
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IV.' Solutions to Problems.

Solutions to Class and Home Study Problems.'

1. a. Determine the counts per Minute due to long-Ifved
isotopes, Cu.

.

C
2 01

-

- (C
I
) 0 = 403 - 3 ,... 400'

CLL I - 0 '

C2 =. 393 - 3 = 390°
`From Table (page 562) 0 for A t of 22 hours,

G (26 - 4) is 0.237.

a

4

390 - ,(0.237)(400)

1 - 0.237

390 - 94.8
0.763

= 387 dPm

Determine the disintegrations per minute, Y, due to'
the long-lived isotope.

Y = 'd /min -ml
CLL

V xE
ff

x-Efc

CLL 387

V = 6,000 ft3

= 6,000 ft3 x 2.83 .x104 ml/ft3

= 75* = 0.75
4

Efc = 10% = 0.10 ,c/dL 't

387
0VIY

6 x l o3ft3 x 0x 10 ml ft x 0,75 x 1 c, /d
.

3.87 x 10
3

6 x 2.8-3- x

3.04 x'10-5 d/min-ml

568
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Convert disintegrations per milliliter-minute
to concentration, Z, in microcuries

Ziter

= Y x -44505. x.10-7 p6i/d/m

= 3.04 x 10-5 d/mllmin x 4.505 x 10-7 pCi/d/min

= 1.37 x 10-11
paymi

,l
239ook up concentration limits of insoluble Pup

for restricted area, in Title 10, Part 20, App B.

It is 4 x 10-11. 1.37 x 10-11 pCi/m1 does not

exceed this. It is within established limits.

c. Look pp allowab
2337I; for rest

App B. It is
pCi/m1 does not
limits.

e concentration limits. for soluble
cted area, in Title 10 z zpar 20*

x 10-10 uCi/ml. 1.37 x 10-
ii

1.-

exceed this.
,

It is within established____________

2. a. (1) Determine the counts per minute due to loag-lived

. isotope (CLL).

CLL

C
2 1(C1) 0

=

= 41,000 - 100 = 40,-900 cpm

C2 = 38,400 - 100 = 38,300 cpm

0 for At at 20 hours
(from page 562)

(24:'-: 4) is 0.270

38,loo_1_0.27o)(402.9oo
= - 0:7p.

,

3,300 - 112.040
0.73

= 37,400 cpm

569
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b.

(2) Convert the counts per minute detected to -

. disintegrations per milliliter-minute, Y,
due to the contamination.

LL

(3 )

Y -
E
ff

x E
fc

V .= ft3 /min x 5 min x 2.83 x 10 ml4ft
4 , 3

2.0 x 5 x 2. 105

Eff

2.83 x l06 14

7O = 0.70,

E
fc

5 10% = 0.1 c/d

3.74 x lo c/m

2.83 x 10
6
ml x 0.70 x.0.1 cid,

3.74
2.83'x 7.o

1.89 x 10-1 d /ml -min

Convert disintegiations per milliliter - minute, Y,,
to concentration of the contamination in microcuries
per milliliter, Z.

Z =' (4,505x 107 giidimin)Y

4 505 x 10-rx 1.89 x 10-17 ,

= 8.51 x 10-8 gCliml

Check Title 4,10, Part 20, App B,Ao determine the maximum
acceptable concentration for soLuble Tungsten-181 in an

-
unrestricted area. It is 8 x 10

8-
The determined_

concentration exceeds this. The room cannot be used.

1,547
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3.- a. Determine the counts per minute due to the long-live&
isototie CLL:

C
2

-,,(C
1
) 0__ '

0

C
LL 1 - 1050 - 10 y 1040

C
2

= 985 - '10 = 975

O' for a At of 26.hours (24 - 4) is 0.270 (page 562).

975 - 281

0.73"

951 cpm

b. Convert the counts per minute, C. , to disintegrations
LL

per minute milliliter, Y, dueto the long - lived isotope.

Y,

C
LL

V x Eff x Efc

V = 40 ft /min x .2 hr x x 2.831x 104 ml /ft3

= 1.36 x

Eff = 80% 0.80

fc
= , = 0,08 c/d

Y =,'
a

-§51 c/min'

.

8 7
c /ce1.36 x: 10 ml x 0.$0 x 0.08 C/er

3 .
t

9.51 x 101 '
1.3b x 8.o x

= 1.09 x 10 d/ml-min

Convert the disintegrations
tamination concentration in
liter, Z.

*N"..W. r
.

per milliliter -minute to con-
terms of microcuries per milli-

,
q.

z 7 (4.5o5 x 10-7 gCi/d/min)Y

= 4.505. x 10'7 gCi/d/min it 1.09 x 10-4 d/mi-min

= 4..21 x 10-11

571
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... .
r d.:. Determine the Maximum' allowable 'concentration for.

soluble
32/4Sb

using Title 10, Part 20, App B. It is
5 x io 9. This concentration. is not exceeded.

Lam -

4. g.. Determine the number oi' counts per minute-on the 2-inch
'disc due to long-lived isotopes.

C2 - Cl 0
G _
,LL 1 - 95

Pi = 833456 ,:56 II- 83,436 cpm

= 78,150 - 36 .= 78,11++ cpm

4,

0 for aAt of 23 hours (27 4) is 0.223 (from page, 563).
41.

b3

7
78,114 - (83,443(1)(0.223)

(1 - -0.223).
78,100 - 18, 600

0.77 .

76601-.):m

(us§.ng 3 significant figures) .

b. Determine- the number of counts per minute on the whole
.4-inch filter.

A4
cm,4 CLL-2 ,.x -2

where Crl = the cpm on the'whole 4-inch filter

CLL-2 = the cpm on the 2-inch disk

AY = the area of tthe Y filter = it d
2..

2i
clz,

4
-4

7636°6 x 2g ,.

2n

.. - I'
= 16,600 x 4 . ., ....' ,

.

t---- .306, 400 cprp
6

54 9-
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a.

c. Convert the counts per milute of trapned.cOntamina,
tion to disintegrations per milliliter-minute -in the..

air, Y.
C

V x- Elf x Efc,

t

s.

'"

.,-.- .:"- q4: . _,.r.:--7-2.-.'..,
V = 21 ft3

/min..x 60 in x 2.83 1 ra.Vrt .....'

'Y.

= xi6 x'2.83 k 10:

3:56 .x 107 .m1

9(4 (:),
E'er

=
f

E
fc

5% = 4.05 cid
I

. 306; 400 emin
3 56 107 xi 0:0' 3Q'70. 05' die'.

. t. .

'
3 x 9.0 x 5.0

1.91. X.10

.

d. r 'Convert tie. csmtaminat52on o
per .Jrfilaiit62..,. Z.

..--,. (4:505 x-10-71:14ildimin)r.'
$.. .

, .
. .

,inicrgcurtqs.-

x 10. 4' tiC4./ drmin x

-
e.. Dete-rming; th6 maximum perrnisSi146"ioaine.-.131..gOn.centre,,..

ti er .for, an- ware 60.1.ated area using= ;Title 10, Part
. .

Appendix 13:, .

10 . .The cohoenpratiori the, exceds
6, . *::'"'77" 7 5: :""""'

.

573:5
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5. a. Det'exthini the maximum permissible airborne concentration
of soluble Manganese-52-for an unrestricted area lasing

,

Part 20, App B., It is 7 x

Combining the .expresskon for determining the disintegra-
tions per milliliter minute -(Y) from counts per 'minute -

due. to long lived isotope (Ca), volume of sampled- air(V),

coileCtor efficiency (Eff), and caunter efficiency )
rfc

CLL
V ic x E

ff.' fc

.":

and the e Xpri:ssion coriVerti.ng disintegrai-lonS.per milli-
liter' minute' '(Y)- to 1miCrocurrei. per TilIiliter creAl.ii:.. .

.
! borne-contaminatioh'JZ) ....

, ...

z 505 x 41:/d/m)Y

have p expression .for Z in terms of
. ..-

and

E , .

, .

. (4'. C)5 - liti/ min

V 7 Ee

fr. - fc-
. -

Y.

Rearranging, an .expression-. for is. obtained...

ZffEfc

.!

4, 505 x 10-7 11Ci/d/min

0

the maximum permissible concentration due

td the long-lived isotope,
52

Mn.

_ . 7 'x

= 30 ft3Ithin- x-.60 min x 2.83 x 10 mr/ft3

3 .x 6 x 2.83 x

5. 09 x 10 ml

E,, 80% 9.80

Efc
= 15% = 0.15

55.1

574
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C.

A

_ #

S'ilrr the. krry,ift

" s.
t. #.

s-

-; 1

*N'

. ;9-- man-,

" . -
s

N

.

,

03.x 8.o x 1,5 x IQ
--.505.

= 2'_ L912 crn
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DF400, TR-ANSPORTATION OF RADIOACTIVE MATERIAL

I. -Reference:

The...material taught is from It. M. Graziano,Thriff 27 and, related
changes on the DOT regulations and from AR 55-55, l'ransportation
of Radioactive and Fissile Material Other Than,Weapon-e, dated in
1969. 3711a.e are the_current regulations governing the rights and

obligations of those concerned with transportation of radibaCtive,

material. There haA been major change in these regthlions. Due
tb the limited;number of copies of the RI M. Graziano Tariff Number

27 '(with changes), DOT regulations and AR 55-55, there are no

student references available; however, the material found in the

Vu-Graph h,andout outlines the material rather thoroughly.

II. Lesson Objectives and Notes.

,Define'terms involved in'the Federal'law and A's governing
transportation.

$

_%, - ,

B. :,Define and discuss the grouping.of radioactive material for
shipment. .

.- .. - .

,C. Explain package requiremens. .
.

---4.
. . ,'s

. r

SD..- Discuislabei requirements for the transport group and quantity
, - shipped and give explanaeion of therequirements.

E. Explain exatptiohs to the regulations.

. F. Define restrictions on shipment of radioactive
in passenger .carriers and indiviaual vehicles.

G. Explain the placards' required on vehiclet and" other modes of
transportation. , =

ma6'-ais both

H. Work practical. exercise involving transportation problems.

5.1
577-

0
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III. List of -Vu -Graph Material used in DF400.
- .

1. Radioactive Material.

Any material -or combination of material that in any form spontane-
ously emitstiondzing radiation and in which the radioactivity per
gram is greater than 0.002 microcurie or greater. In material less
than this amount, the radiation mast be-uniformly distributed if not
considered as radioactive.

.2.: Fackagirig.

The'Assembly of the container and any other components necessary to
assure compliance with the prqscribed packaging requirements

v. -

7

43. 16aticaie

The packaging plus_ its_ content of explosive
-artidles'as presented fdi transportation.

4: TransportVehicle.

or other daaKerous

The conveyance used for the transportation of explosives or other
da:igerous articles including any motor vehicle, rail car or aircraft.
Each cargo carrying body (trailer, van, box car, etc) is a separate
vehicle: 4-'

5. Fissile-- Radioactive Material.

Fissile radioactive material means thefollawing materials: 238Ru,
239pu; 24411, 233u, 235U.or any material containing any of the fore-

* 'going materials. Fissile packages are classified according to the
control needed to providp criticality safety during transport.

6. ,Large Quantities of Radioactive Material.

A,quantity, the aggregate radioactivity of which exceeds that
specified below:

Group I or II
Group FII or IV
Group V .

Group VI or VII
Special Fo'rm Material

20 Cuties
200 Curies

5,000 Curies
50,000 Curies
5,000. Curies

555
581
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7. Normal Form Radioactive
. -

Normal form radioactive
form materials. Normal
transport groups.

Material.

material means those which are not special
form materials are grouped into seven

8. Special Form Radioactive Materials.

Material., if released from a package, which might present some direct
radiation hazard but would present little hazard due to iadiotoxicity
and little possibility of contamination-(may be inherent properties
of acquired characteristic's,. as through encapsulation). ..

9. Transport Groups.

Transport groups are any one of seven groups into which normal form
radionuclides are classified according to their radiotoxicity and
'their relative potential hard in transportation.

10: Transport Index.

The number placed on a package to designate the degree of control to
be exercised by the carrier during transportation. It is the highest
radiation dose rate in millirer per hour at 3 feet from-any
accessilale external surface. The number expressing the transport
index shall be rounded up to the nett highest tenthL e.g., 101
becomes 1.1.

11. -Radiotokicity.

Radiotoxicity is the potential' total effect on the, human_ body due to

internal exposure to ionizing radiation presented by agiVen radio-
isotope.i°sotope. (.

12. Technical Escort.

A group oftechnicallyqUalified personnel selected to escort a dangerous

shipnnentofimiaterials (radioactive, etc) capable of coping with accidents/
incidents while en route to insure maximum safety to personnel and

property (private and public').

13. Radionuclides Not in Table. .

Radioneclide

Radioactive Half-Life

0-1,000
Days,

Atomic Number 1-81 Group III

Atomic Number 82 & Over Group I

582

556

1,000 Days to Over

106 Year's 10
6
Years

Group II Group lIY

Group 1 Group
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14. Mixtures of, Radionuclides.
J.

(i) Identity and respectiVe activity of each radionuclide are known,

perMissible activity of each radionuelideshall be such that 'aft

;sum, fOr'all groups present, off' the ratio between total activity

for each group to peimissible activity for each group will not

be greater -thin unity.

Ca . Cb Cc 4
MPCa MPCb MPCc

(2) Group known but amount ^in each group unknown - mixture assigned,

to most restrictive -group present.

(3) If identity 'of all oi' some radionuclides cannot be reasonably

determined, each o unidenieifled radionuclides considered as

beionarig to most restrictive group Which cannot positively be

rexcluded. . ,

,
I

.

(4) Mixture of single radioactive decay:chain - nuclides in naturally ,

J. occurring proportions - considered as single nuelide. GroUp and

activity shall be that of first member unless another member has

larger- half -life and greater,activity, than that member-of chain_

used for'group and activity: . %

15. Type

(1) Heat - Direct sunlight at an ambienetemperatUte

still air.
.

,

(2): Cold - aMbi.ent temperature AM' -40
o still air and shade.

4.,

A Package.

of 130p Z'in
4

. 7:

(3) Reduced,presSure , ambient atmospheric pressve at 0,5 'atdiosphere.
.

,

(4) Vibration - vibration normally incident to tAnspo*ation.

(5) Water spray - wetting of package entirely except 'bottom for 30-

minute period. Metal; wood, ceramic) or plastic ,exempt. . ,,,,
. ... ,

(6) Free drop. Between 171/2 and 2-1/2 hours after water spray teat; :'

a free drop of 4 feet onto-.,a flat essentially.unyieldILE lwrizontal

surface, striking in a.positAon-for which maximum damage is expectel.',

r ,
(7) corner drop - free drop onto each corner of the package 404 succa- . .

sion, from a, height ..of 1' foot. Tests are primarily for wood c ..'

fiberboard packages and db: not exceed 110 pounds inlveiilit for, .

all-.fissile class. 11 packages. , .

.7

...
1

.
. . .

a

557
583
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18) Penetration -, Impact of the heri_spherical end of a vertical
steel cylinder 1-1/4 inch in diameter and weighing 1'3 pounds
.

,,. ,
pp,. :droed from a exposedheigh of 40 inches onto the e surface

of the package which i expected to be most vulndrable to, .

, puncture. -', A
,

..
.

. . . ,
'4-

. (9)-. compression-t- compre siori load equalto dither five limes
. the weight of the packag or 2 lb/eq. in.' mnItiplied by the
maximum horizontal cr ss section Of thepaCkage, whichever is

.-

greater.. The load 'Shall- he applied durinda period of 24 "h'ours
uniformly against the top andbattom in the position in ;,vhich

' the package' would normally betransp,ortef.'
.

16.., Type B Packaging., ,' . Vo * i

1
A.. '

. - Meetsconditions for 'type Aackadpg prust .
. °,

,(1) Reduction of shieldirtg - test *ill not reduce shielding enough
todnorease the dose rate -at 3 feet frOm external surface .to'
more than i,t100 mrem/hr. 4

1,

(2) No raVidactive Material release :- release limitecrto gases and
contaminated coolant containing total radioactivity exceeding
neither 0. 1 %a of the total radioactivity of the rSacjca;ge contents

. nor 0.01-citrie of group I, 0. 5 'curie of group II, and 10 curies
of :groups III and Ili,'except that in inert gase.s the limit is.1,00 curkes.

f
a '9. ' `', N.

(3) Free drop --..tp feet Onto.a flat essentjally,unieldi'ng -horizontal'
. 'target surface, striking the surface in a position for whiCh maxinlitma .. ,

.., : damage is expected. . , , .. -
. , ..

(4,) Puncture 7 a free 'drop through a distance of 40 .inches-striking, .

in a, positionsfor which.maxirinim damage is(expected,,the top end .'
of a verticAcrcylindricalfmild stedl. bar. Inc bar shall be6

.,'inches in diameter?, not less than 8,ifiChes long. ,.
..-- #

. . . .
.(5) Thermal - ,radiation environment of 1;475° F for 30 minuti with

4n emissivity .coefficient. of 0.9 assuming the surface of the
4tP.4 package anhas absorption coefficient of 0.8i.,., . ... - ,.

.,
#

..(6) Water' iMmersion .- (fissile .pa,ckages only) - undgr 3 -feet of water. ., for ,a period,of not less than 8 liours. , .: .,

584
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a

17. Quaneity, LimitatiOns

b.

,

TianspOrt Group "
i

I

1I

III
IV
V

Type AeCQuantit5!

.' (in, curies)

0.001
*

0.05.

, i 3,,

..20'
.

'-. . 20

:

,

Wpd.B Quantity
. kib curies) ! ,f

. 20 -
2'0

200'

2Q0

'5,006
.,1,060VI: and VII'

, 50,000

Special Form 20
4

5,000

b

General PadkagingRe irements.
-1

a. The, outside of each package must ineorporzte sr felture such

as seal; which is not readily 'breakable andwhich,'while intact,

'will.be evidence that the package-havilft been illicit*

opened.

.b. Stiallest outside
el

dimtnsions of any package must be 4 inches_or-

greater.

S , . .

I. f

c. .Materials packagedin packaging designed to maintain shielding

efficiency and leak tightness so- that under conditions normally \--'

inciOni to trahsportation, there will be no releaSe of radio-

,- active material.' * .

.

/ p
, .

d. Thepackaging must be so designed, constructed and loaded that,

when transporting lirgpoluantities of. radioactive material; ,

.

heating is nota thajor factor (122°,F on package surface in Shade

or 1130 °,F 'at external surfabe'of,vvehicle on which material is

'loaded).
, .

)
.e

-

.
Enough absOrbent material must be provided to absorb at least

twice the volume of 'radioactiVc liquid contents. Material ,is

outside the shield only if it is showi, that if the ridi6active

contents were taken up by-the Absorbed material, the resultant

dose rate 'at the surface of the package would- not exceed 1,000

millirem/hr. .
. ,

. - . .

. .

.

,
s

f. No significant removable radioactive surface contamination.
.

..
, _ .

ask
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16. Maximum Dose Rates_ Allowable.

. Sealed Car Shipment - 'except aircraft':
A'

(1)- 1,000 millirem/hr at 3 feet from external surface of the package.

(2) 200 millirem/hr at any point on the external surface'of the car
or vehil.e. - ,

4

(3) 10 millirem/hr at 6 feet from the external surface of the vehicle.

(4) 2 miliirem /hr in normally occupied position in the car or vehicle.

OtheiShipmenc (Compatible Cargo) : ,

'-206 millirem /hr at any point on the external -sUrface pnd transport ,.

index does not exceed 10. Total tkansport index/car no greater than
50. 0

, 19., Exempt Materials.

Radioactive materials in'normal form-nbt exceeding:

Group I
Group II

Group.III,IV,V.or VI '

Group.VII
Tritium OxIde In
aqueous solution

(

.0.01 mCi
, 0.1 mei

1 mCi
25 curies

Concentration not exceeding 0.5 mCi/ml.
Total activity per package not `ore -

than 3 curies.- '-'

Radioactive material in special forms:

Not more than 15 giams of Uranium-235.

Radiation dose rate at any.poini) on the external surface of the plackage
does not efceed 0.5 nnrern/hr.

.

Outside of the inner container must.bear the marking "Radioactive."
-

20. Packaging of Fissile Materials.

a. Fissile Class I - Packages.yhich are nuclesNortafe in any number
and, in any arrangement under all foreseeable circumstances of *
transport.

b. Fissile Class II - Packages, which in limited Lumber, are nuclearly
.safe in any arrangement under-all foreseeable circumstances of
transport.

o
586'

560



or

I
1

:

to

C: Fishile Class III Pacakges,which are nudlearIy,safe by

reason of special-arrangement.

, .

21. 'Radioactive White I Label.

Dose rate at the ekternal surface of the package does not exceed

0.5 mrem/hr.

Not authorized for Fissile Class II or III.

22. Radioactive Yellow II Label.

DOse rate at the external surface of the package does not exceed

'10 mrem/hr and the do'se.rate does not exceed 0.5 mrem/hr at 3 foot

from the external surfacetof the package.
ti

23. Radioactive Yellow III Label.

(1) Each, fissile class III packag.

(2) Each .package containing a large.quantity'ofradioactivematerial

'regardless of dose rates%

(3) Each package requiring special approvai'(walver)::

(4) Maximum dose rate requirement for material transported without

a waiver when shipped 'with compatible cargo.

(a) 200 mreM/hr at external surface of, the package.

(b) 10 millirem/h? at 3 feet from the external surface of the

package.
o.

,
Radioactive labels as outlined above will be affixed to'oppokte

4

sides of the package (two per package). '
r

.

,- _.t..-

24.. MIL-STD-1458 'dated 11 Dec 1972. Radioactive Materials.

e
Making an labeling of item, package, and shipping container s

for identi cation'in use, storagand transportation.. .

a., DA Lab& 135.

b. Radioisotope

c. Activity

I

d. Date measured.

25. DA Form 2791. 5'61
587
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626. Uses of Dt Forni 2791.

(1) Used for incoming and outgoing shipments.

(2) Accept incoming packages regardless of contamination:. Npte
on this form.

(3) .Contamination levels noted for all shipments.

(4) Signed' by RPO.

(5) Other forms four in AR 55-55.

7, Contaknation

(/Curies.
A'2111 Source

Beta-Gamma

Alpha.

10-11. Ci/cm
2

2,200/ 100 'cm2
.v

1,i1
-12'

Ci/cm
2

220/100 m
2

4)10 COO.

flo

e-'

-
(except ratural or depleted
U and natural, Th),

ContaMinant known to be natural r depleted U .or4natural,Th.

/
1

10 N. cm
2'

10-11 Ci/cm

Non-closed vehic):es - DOse rate

22,000/100 cm2

2',200/100 cm2

Bet& -camma

Alpha f,

of fixed contamination not greatek than
,5 mrem/hr. ,

4

.

-
, 'T , . ..) \, ,

.

- Closed Vehicles - veh 6\kept Closerat ali'times except it load.
bo'ger te' of fixed contamination not greater than,- ,

10 mrem/hr at interior surface or 2 mrem/hr at
3 feet-from any interior surface. Vehiclettencifed;
"For Radioactive Material UseOnly" --letters 3 inches

'bigh on bothsides of outside .of the vehicle.

dir-

qr

562.
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AL Shipping Papers.
- I

4 I
.

Exempt quantity for labeling - indicate by words-"No Label

Required" immediatelyfollowing description on shipping papers:
. ...

29.

(7)

Transport Group'or Groups of the radionuclides if the material

is Eh normal'form.

t I .

Name of the radionuclides and description of phYsj.caland

chemical form if material is in normal'form.

Activity of the radioactive material in curies,.

Type of label applied to'the package.

For fissile radioactive materila, fissileclass of the pacliarze,

and weight, in grams or .kilogrgms-of fissile isotope.

For export - a copy of any s&citil permit'iesued by DOT for

the package.

0

4( Tot .l'

Transport
Index

Minimum. Separa-

tion-Distance
in Feet to, Near st
Undevelo ed Fi

MiiAMUM distance in
Feet to Area of Persons
or Minimum distance in
Feet fr9m Dividing
Partition for Combi-

nation Car

None 0 o

0,1 - 10.0 15 3

10.1 = 20.0 22, 4

'20.1 - 30.0 29 . 5.

4o.o 33 6

40.1.- 50.0 36. 7

I

'

if*..,tr

563
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Iota].
Transport

Index

'
"None

0.1 -'1f0

1.1 -5.0

. .
'

'Minimum Zeparation- bistp,nce'
is Feet t#o'.Henreat< Undeveloped
Film. for 'Various Times of Transit

Up to..2 2 - 4 4 1:7 tr 8 - 12 Over 12
Hours, Hours HoUrs\. Hours Hours

5.a - 1-1).0

10.1 - 20:0

2Q.1 - 30.0

0

'3

, 5

30.1 40.0 , 8

- 50.0, 9

10 L5-

11 17 22

12 '19

0

5.

11

15

22

29

33

2)+ 36

inimum Diitance
in Feet to Area
of Perions,
Minimum' Distance
in Feet from
Dividing Parti-
tion of Car go
Compartment

31... Movement by MiWary Vehicle.

0

2

3

4

5

6

Comply with distance tables for undeveloped film and perions.-
. . .

r '
On-sitemovement - not packaged or labeled - moved under prOper
supervision.

Arranged by the Tratrsportqtion Officer. '4# ts
(4) Drivers briefed - YellOW II and Yellow III lasbels,.

. .(5) 'Driver has copy of 'shipping papers.

(6) Escort' cOmmanders - copy of written,. instrutptions.
o

(7) Divers sumlledwIth'writt n instruction's.
I '

(8) o y shipmenti ipproval need furtherth n thoseiliSted.,

At.

.
5

rstrictions.



2, Written Instructions.
.

WARNING

THIS VEHICLE IS CARRYING RADIOACTIVE MATERIAIS

When undamaged, the package(s) (is, are) safe to handle

for short periods of. time. In case of accident, notify

I

. Rail Placard.

34, Motor Vehicle Placard.

a. Pladard mist be used for aay Yellow III label material or

for carload of material.

b., Placed in front-, back,' and both -8idea of vehicle.

c. Must have "Radioactive" 4 letters 4 inches high as a minimum

and at least a 1-inch IN:C;(1er.

d. Mukt be black attidrs.COn a yellow background.

4

w

565 14
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IV. Example. Problems if Packaging and,Labelng Radioactive Materl.aIs,

1: Example Problem No. 1.

a.

b.

As radiological Safety Officer, you have teen asked to procure
a container to ship 1 curie of Tellurium -121 (121Te) encapst-
lated pellets. Since this is a ganna emitter onlo, yOu dec de
to use lead as the inner container. How much lead is require
in the inner container if the overall package is found to be
1 square naeter? Assume inner package is to be placed in
the centerof the outer package. What transport group wou
the material fall under? What type of package would be
required? What type of label would be required?

Neglect dose buildup.

Solution.

(i) (a)

(b)

(c)

In checking the,table on transport gr
not listed, so we are required to go
We findthe Atomic Number is between
hRlf-life of each is less than 1,0

Therefore, it'it a group

121Te is0,

the exception.
-81 and the

days (17 d for
4I

In checking the quantitiei for group III 'items, we
find Type A packages can hold ,u to 3 curies and
Type B packages can holdup to '0 curies.- Since

. we have 1 curie, it would be st ecOnomical'to use
Type A packaging. Type'Bsco. d also be. used since
Type B would also meet the cessary requirements'.

Sinee large quantities of adioactiire, material requiie
a radioactive yellow III abel, check this 'item. For
group III materiels, th is 200 curies so it i's- not,
classified as a large antity.

(d) It is an encapsulated source, so it 'could also fall
under special form wh allows,20.curies for Type A
packages but the deg ee of encapsulaticin is unknown
so it is a normal f material. ;

,
ke) Checking.the ex

materials liste

tl
,

1

quantities, we fi
1 mei, therefore is notexempt. r

r



,(2) .0n the lal)els you have three choices dependent on the

dose rate. DA Label 15 must beused.

White I Label Surface dose rate not exceeding

0.5 mrem/hr.

Yellow II Label Surface dose rate not exceeding
10 zrem/hr; dose rate at 3 feet.

not exceeding 0.5 mrem/hr.

Yellow III Label Surface dose rate not exceeding
200 mrem/hr; dose, rate at 3 feet

not exceeding 10 mrem/hr.

-If.these dose rates for. yellow III are exceeded, then a

waiver must be obtained. Waivers are to be avoided-if

possible. Since the shielding required would be much

less; it43ail1 probably be. sent yellow III label and with

- a DA Label 15.

(3) 121Te

S
-

0.56 n Qi E"

S 0.56 x (0. 18) x

S = 0,051 rhm

.S = 0.56 n Ci E

x 0.508

S ., 0.56 x 0.80 x 1 x 0.573

S 9 0.257 rhm

Tgtal rhm

0:257 rhm = 0.308 rhm

(4) Find E.

rhm +

.13
.. = 0.3034

d2 1(0,5)2 0.25

I

R 1.23? tad,/hr at. 0.5 meter or at the 6

1
he pontainel-.

.:

593',
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e

Calculite the lead needed ,to reduce the dose rate.

=, ,1.232 rad/hr u/o 0.5.Mev = 0.'1-61

R = 200 mrad/hr
1.L/p for 0.6 -Mev =.0.125

0.036

n
2

0.036
100

= 0.036 x 0.73 =

0.161

-0.026

0.135

PIO of 0.573 4ev gamma, '= 0.135

= x (p) 0.133 x 11.3142
I .' -61

1,51 cm

X1
0.6'93 0.693

0.46 cm
u 1.51

Ro

1232
200

2" = 6.16

n = 2.7 using ithe 2r1 table

n =
r

2)7 =
X

0.46

X = 1.195 cm

'(6) For a reading at '1

S = 0.308 rhin

1,

d 45 Meters

O

meter:

R = 2-

d

5 6,9
594

;It

6.308 o. os ,

R, = 2.2(1.)2
r
j

,J
0.137 rad/hr 6 137.yradi/11,
at =1.5 mete/4s.

/-
ri.- et



a

I.

.

A

2
n

=
o

2n
110'

13.7

Using 2n table,

Xn= ..r
XI
2

X
Y 4

3.8 0.46

n = 3.8.

X x. 1.75 cm

The lead shield must be 1.75 cm on a side.

(7) The transport indek foi- the package does
, prem/hr-at 3 feet.

Example Problem No. 2.,

a.

t

not exceed 10

As outlined in example problem No. 1, what information must go

on the shipping papers and how many labels must be attached?

'b. Solution.

ti

(1) 'As.required onthe shipping papers, the words "No Label

Required" must be present if it is an exempt shipment.
Since this shipment is not exempt, this notation is

omitted.
,;

. ,

(2) The transport group or groups if .normal form - Group III.

It is encapsulated, so it could be special form Group VII.

Name of the radionuclide and a descriptionof its physical

or chemical form if the mateiialls i normal form:
(3)

121'
Te

(4)1 Atiiity of

Ci o

k5 )i! I

encapsulated pellets.
Vv.

materid/he radioactive

12E
Te.

ciex -.10:

569
595
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i

(6) Type of label applied:

Yellow III Label and DA Label 15.

(7) For fissile radioactive material, the fissile class of
the phckage and *le weight in grams or. kilograms of the
fissile isotope. NA

(8) For export shipment, a copy of any special permit issued
by DOT for the package.-- NA

(9) Two labels must be attached - on opposite sides of the
package.

I

3. ExImple 31.

a. You, as RSO, are again asked to package a shipment of radio,
active materials. This time the, radionuclide is Abalt-57
(57Co). You are to ship 2 mCi of this material in a liquid
solution and you wish to stay within the White I Label con- .

ditions. What type of container is required and what minimum
size container would be procured? Should other material be
added around the source?

b. Solution..

(1) Checking 57Co, you find it iv a'group IV transport'group
material.

(2) For Type A packages - 20 curies can be shipped.

(3) Exempt materials 1 mCi - not exemift since 2 mCihre-
present.

(4). It is not a lage,quantity'mattrial.

(5) White I Label requirements'- dose rate not exceeding 0.5
mrem/hr at external surface` of the package.

(6)' Calculations.

Go to decay scheme page 38e, Pam 25 - n .= 99.8% and
E = 0.13632.

Ji ...-

S ..:. .6 2 x 0,998 X 0.13632
it ,1

1 S :..--! 1.p4 X lo- hm I

! .,.

I

5 0
596

I

4



,

1

R =
d

I

-R = 0.5 mr/hr

S = 1.524 x lo-rmrhui

? I

0.5 /hr -
1.524 x.1011 mrbm

mr
d
2

0,5

0.305

d = Nr0.305

d = 0.55P meter

rn

The package must be 0.552 meter an ope side id the total

diameter, must be twice this amount:

0.552 x 2' = 1.104 meters on a side.

-

A square package, 1.104. meters on d side if no shielding

is used in the package. ,
A.

(7) The liquid radioactive mat-41.ial must be packaged in leak

resistant andcorrosion resistant inner containers.
Enough absorbent material must be provided to absorb 'at

least twice the volume of radioactive liquid.

4

4

11

I51.
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RULES AND REGULATIONS 14923

Traegert grogroom I Ballowaelds I
I TI III IV V YI VII

Aectz)ar, øc) Aorrt X S'Ao3X X
Asearkittm (111) A.241 X

An-341 X.Intimacy (11). tb122 X .....
115.124 X .......... ... a a ....ye...1M .1.
Ilt.124. XArgos (LI) Ar47 X
Az-41

3Ar4I (uncommmeed)r XAnode (335 As.73.
... A.74

A.78
A.77

MUM* (U) At 2(1 XBerl= (54) B.181 . X
13.133 X
11.140

Berkelium (17) Bk.249 XBeryllium (I) T 11.7
Biarnntb 583) ; 111239

151307
. 131.210 X

B1212

....... .....

Bromin (30 . X
CHIzelum (48)

Br.S2 X
C.:5103 XCd.1I r X

Caltinim (30
CcI.Ill
Ce.44 I
CC51-2.50.24.

X
1. X .0.Celli:Mum (I) 4...

C.47

X
Carbon (6)

C5252 X
C14.. .

Cuiture OIL
CC...I14341

C.144 xCu (53) C.131

CC44:113434°-
X
X

1
Cs-13. X
Cs-114

X
X

t..
Cblorina (17)

Cs-137
C144 X 5

1 Clasemf= C34). Cobelt (37)
Cr4I
Co44

C1411 X.
X , .5

.

X

X

...

CCo-°.14117m.
X

Co411
Cog' x Xyw

ii Curwe 4545
Cop(29) cu-64

Ctc.242
Cro.343

X
x _

III
Cm-2H. ...
Cen.241
Cris.24.1.

,

X

X
X

1 II
x

Dyrproeltue (41)
r Dy.114

Dy.164
1 X

Dy.I44.9 II

114

M
E:

Bumph= (43)
E:117111.
Eu.110 X

x
X

XZrblum B

in: EEu-182ti.Uca x
.Xu.184

X
8

1111 434404= 40.
Ir 13
ad-MI s X

X
Fluorin* (1).

Eu.I.14.
X

X

illi
434nfteli m). A f l X

X

(01.47d.1611 X

OD A II . (3°Litainceteeliun (22)- ....7

.....
0.73

.40-.0.
A(ju..71931

A

X
X

Au.194 X
Au 195 . X
Au.154 / XAu-IN. X

XBatrilum (TB .. II4131 XBolnilum,(17). _ ___:. _ Ho-1W XBydroged (IL . B4 (see trl um).
Indium (49).. In-113 X. m

In-114m x .... In-115m XIn-ill . X 't
-124 , X

./1125.4.41 X
I120 ..... X

14131.4
...

1
X

14 13s34..t..... .., 1.i..

.....

folic* (53)...cs.
Tramport mom TY541, 71'75e

f 1733Wb)) qtantity quantity
kin ur(a) (In ur(ed)

: I . 0.501f II.. L.
et Of i ' II :"

1.11.4 4. 3 1 2C° Iridium :.
Y/3

, Ir 192 ik1 v. . .r ....... .:... 30 ' 10 T...,
V/ ea iii, ... ..,.. 1,010 I 20CCO I, ( . 14.55. --... ... : . .... ........ J.. . X -----..5 ft-Ill. -
Special Mau ...:..... ... .30 4;c0., °" 2')

I Pe-59 ..... ..... ...... X --....XtyptOn (39).-1.1.---,_,... r 4u, . . . x
' I 111

173.390 T4.14454904 froupd of radio.
i

.
y.65 rili.e,11

I
' 1 14/415 I'.. ) ' T "i t--."---

swell "

= Iteedicihiclider o. ' ; 13.fotlaotos at 44541. lat Odic ".

147 4uerta 4444045 4-

I

i; -
NO! MI ItIOISTell, VOL 3), NO 114--/NIOAY sOCTOSIlt 4, 114.411,

.7.,.4

, . ....
.

. 1. .

/
598 . .

"

. 572



14924

le

5

CB

>

4 El

a

OW.

/4/4/41414

RULES AND REGULATIONS

1st 11 ltitt,! l!I
11

1 14 111111i 'il
t

11 111 1! 111
X11 II ttltilt

1

14414

4

11 1 ir
:1 1:

1 ' .1
:1 1:

tiPt HIM! t 1

' 1 1 14
1 t

/414 141414141414141414 14 14 141414

111
1 '1
1 ; 1

1,1

/4, N. 141414

1414

+04

1414

it

11

141414

1
' I 1

IloN.2112!:2411 0FEE* FE FE 0EFFE FE ga Pt1t4 11MKet..:4111111

141414

1 1 1 II!
1 :: It' !I

, 1..!
i,i!r

11 iri :i4 t 44

14141414

1

141414

*4

/4

C

=,tto

151
me.t.

5
I

t4

g 8 g

g 4 g' g gtz.

....

Fi

I
t

NN ,N141414/414 41414 14141414/4/4141414141004141414144

N

14 14/41414

NH
111

1414

it

141414141414 14/4

;t4
/440414/414/004/4/404/4

414/4

404

14414 1

NN

;

$112HEE14;4EERLOR. gins s40501+1! Efin g 144
,...ia, 44J41

Paalzwomilz.zniziotweixtutata awrat

1.:

it

11111
I#4i iidics0

4444,2444Latiiiti

.

g

g



7

RADIOACTJVE MATERIALS MOVEMENT
$4 AA._

42'1. El SHIPMENT El RECEIPT.z. io (AR SS-SS)

SECTION I - DETAILS OF SHIPMENT

...li t
a

i

FRGSs
.

( f

.

VIA: (MOfe ol ehiponant. 1... Raillvey Express)
'

I

SHIPMENT Nd. SILL

`
EIGHT .

44'1

CLASSIFICATION I .
TYPE OF CONTAINER

I
PRINCIPAL RADIOACTIVE MATERIAL

AC.TIFITY -r 10T[ OF(Pill Ina
applicable)

SHIPMENT (Etirnatek
r

Ed EMT

LOCATION COLLECT PREPAID I
.

T. DOES/DIDTHIO SHIPMENT REQUIRE ICC SPECIFICATION PACKAGING AND LELING? 0 YES O NO
.

ICC NO. IluREU OF EXPLOSIVES NO. 40'

a. 1S /WAS THIS COURIER SHIPMENT? 0 YES 0 NO -
. Is /WAS IT PACKAGED To PREVENT LEAKAGE UNDER TRANSPORTATION

is/wSTHE SHIPMENT PROPERLY SECURED? OYES ONO
s.. IS /WAS THE SHIPMENT MED? 0 yes 0 NO

. a

CONDITIONS? 0 YES ONO
.

SIGNATURE OF CONSIGNOR/CONsIGNE* (A opPlicablo)

. #

DATE

1
SECTION II HEALTH PHYSICS MONITORING RESULTS

-1".'0.)(IMUM , T suRaCII
RADIATION 1

LEVEL

AT I MET,ER AT IS FEET

aE Or INSTRUMENT USED INSTRUMENT SERIAL NO. REmOVALE SURFACE CONTmiN Ti
Wm/ WO cm2Y

WIPE TEST ay.ER14:ED . INSTRUMENT USED TO CHECK WIPE\

INSTRUMENT SERIAL ND. il
.

LOG NO.
.

EMARKS

a .

i .
. :.

1 1 '''

DATE

.

TIME RADIATION SURVEY APPROVED Y

SECTION III - RADIOLOGICAL SAFETY OFFICER'S STATEMENYOF MONITORINGRESULTS

LOG NO. UREU OF EXPLOSIVES
SprCIAL PERMIT NO.w

a A rre Tral, SHIP -.

1-1 YES rimer

uSHIPmjcNeTrySoAr.EhiCh.enCrk)

rj YES E1.10
REMARKS

a

.

4

,SIGNTUREIOr RADIOLOGICAL OFFICER

1

DATE

SECTION IV .TRANSPORTIATIOH OFFICER'S ST TEMEN Of S MENT

The above name

allots according to the it

1

articles Sr. properly de
gulat:o s prescribed by t

crobee

e app

,i ,

and aralpacked and marked and 'ir n proper condition
orateregulatory agenc,ks.

for transport.

I

4

, 4

:NTf,)RE OF TRNsP RTITION rrICE

i

DTE

ir
DA, FJOURN445 2791

4 600

574

.4;



V.' Problems.

.1. You, as Radiological Safety Officer, have been asked to ship for
disp4a15 pCi of 117131Sh poker contained in a screw top metal,
can. In inspection of the packages available, you find you have
a Type A package which measures 0.5 rrter to a side. The source
is to be placed in the cente of this package. Is this package
sufficient? Examine the quantipy, shielding and.label require- .

ments ,and make the most economicaa. recommendation fortransport
of this material.
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2. FYom the information in problem 1, what items are necessary on
the ahipping papers?
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3. A 1.5 mCi sample of 43Tc is to be shipped. You have both Type A

and B packages Measuring 1 meter to a side.

a. What transport group does this isotope fall under and whiCh
type of Teckage will you use more economically?

p

b. Is this an exempt quantity? If"not, what would be the best,
.

!way to ship this material using the least amount of shielding,'
possible? Consignee is awaiting shipment for immediate use.

.1
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GiVen the following isotopes in nortat form:-

-4 curies

6 curia

0.4 curie

1 curie

.65Ni

64cu

137c s7

60co

Can all of these'isotopes be gent in one type A package(do not
calculate shielding),?

.4

,5.

/

A

rt

I

I

You are RSO and have been `asked ta,chooe7 a coiltain'er to ship
200 curies of Tellurium-125 metastable (=2514Te). What'trans-
poA'ggoap and ,what type ofjoackage must be used?*

-0
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b. You have decided to.uSe lead as the, inner container. How
big would the container have to be if the overall package
.is to be 1 cubic meter? (Assume inner package is to be,
placed in the center of the outer package.) It is to be
shipped Yellow III Label. Does it fall within.the large
quantity category?

579
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. You,
.

as RSO, are again called upon to package a shipMent of

radioactive material. This time the substance is 10p1Ci of

Cobalt -57 j57C0).

a. 'In what transport"group,does it fall and what type of

package is required? .

c

b, lioW big would vie container "have to be if you wished to
ship radioactive Yellow II Label, with no shielding, and
you meet all Other requirements, i.e., leakproof; absorbent

matefial, etc.?

5 8,D
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VI: Solutions.

1. a. In checking 117mSn, you find it falls with the transport
group III category. Three curies of group III can be trans-
ported in a type A package, so the package available is

*NW
sufficient, .

b. In examination of the quantity-of material (5 pCi) you find.
it falls in the small quantity category (1 mCi for group III)
and it can be shipped exempt from labeling provided.

(1) Strong package and no'leakage under normal transport
conditions.

(2). No significant external surface contamination:.

(3) Outer surface of the inner package is marked "Radioactiie."

(4) Dose rate at the external surface of the package does; not
exceed 0.5 &rem/hr. ;,)

F
e

Calculate the source strength.

S = 0.56 nCE 5 uCi = 5 x 10-3 nCi

S= 0.56 x 0.87 x 5 x 10-3 x 0.158

=, 0.385 x 10'5 mrhm

The box is 0.5 meter per side." So, with the source in
the center, it will be 0.25 meter from titt nearest side.

d. 0.25 meter,

If
Calculate thg dose rate at the mritace of the contain0y.,

rNki

R =
d2

3.85 x 1Q-4. 1.85 x 10'4

(0:25)2 6.25 x 10-2

R = 6.16 x 10'3 mr/hr,

or 0.00616 /hr at -the" surface. Since it is 7, it, the

same as 0.00 16 mrem/hr. The package falls in exempt group
and can be shipped without label. '4

607
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2. a. Since it is an exempt item, the words-"No Label Required."

b. Transport Group III.

,c. Name of radionuclide-- 117mo.
.

Description. - powder form contained in metal screw cap can.

d. Activity of_ radionuclide - 5-pel.

e. Transport Index - NA since it is exempt.

I. Fissile radionuclide - NA.

g- Export shipment - NA. t

.'

,
.

3. a. Checking ?rc, you_find it is group IV. Group IV allows

a 20 curie shipment in a type A package so the type A package
will be used.

b. Exempt - quantity for'group III is 1 mei, so this package is
not exempt. 'Caldulate the dose rate at the surface and at
3 feet from the surface.

Calculate the source strength.

S. = 0.56 C En E

= (0.56)(1.5 mCi)[(0.05)(032) + (1)(0.7T8) +

/ (0.81) + (1)(0.851) + (0.16)(1.4
,

= (0.56)(1.5 mCi)(0.016 + 0.778 + 0.6804 + 0.85i 4. .

0.1792)

= (o.56)(1.5 mci)(2.5946)
, ,

= 2.105 mrhm

(0.8.4)

Since -the package is 1 meter to the side, if the source
is' located in "the center,, it will be 0.5 meter from the
nearest side. d = meter. - Calculate R.

532
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R 2.105

(0.5)2

2 2.105

0.25

= 8.42 mr/nr
at -contact.

R =

R 2.105

.(1.5)2

R 2.105 '

2.25

R = 0.935 mr/hr at 1 meter
from the surface.0

Since 7 8.42 mrem/hr 0.935wmrem/hr at 3 feet
at' contact

Since it exceeds the White I label thid the dose rate at 3 feet
exceeds The. Yellow' II label, ship it Yellow III with no addi-

-tional shielding required.

Ca cb. Cc Cd 4
1

MPICa' RYC5, MPC c MPCd

65111 - Group"IV - allowed 20 curies-in Type A package.

04Cu - Grotip IV

13TCs - Group III - allowed 3 curies in Type A package.

60Co- Group III

4 6 4. 0 4 1+
75 -3 3

O. 2 + 3 + O. 133 + O. 33

0.96 C 1

Therefore all, could be handled provided enough shielding could be.
incorporated to .get the-dos-6rate level within limits.

125mTe - GrOup IV. Type A, 20 curies; Type B, 200 curies. It
exceeds Type A limits but does- not exceed Type B limits, So
Type B package will be used.

583
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,

Large quantitieSfor Group IV - 2D0 curies - we haVe only
.200 curies, so it does not fa nto this category.

200 curies of 12 5mTe

S = 0.56 nCE = 0.56 x 0.07 x 200 x 0.035

Therefore; S' = 0.274 rhm = 274 mrhm

To .find R:

R S 274 mrhm 274

. d2 ,(Q..5)2 0.25

)

-Yellow III label requirements are that the surfaCe dose rate
does not_ exceed 200 mrad/hr-aqd the dose rate-gt 3-feet (1
meter) from the surface does not exceed 10 mrad/hr..

= 1,096 mrad /hr at 0.5 meter
which is the surfs

Calculate how much lead is. needed to reduce the dose rate to
the required,level.,

Surface

Ro = 1,0§6 mrad /hr

R = ,200 mrad/hr

11/40 for.a 0.035 gamma = 21.85-cm2/g Use largest gamma for
Shielding - 0.035 Mev

= (P) =" 21.85 x 11.35 = 248 cm-1

0.693 ,0.693X1 = 0.000279 cm '= 2.79 x 10-4 cm
2 1-1 248

Ro - 1,096 5.48''= 2
n

R 200

Therefore. n = 2.5 (from 2n table)

X = nXi
2

X '= 2.5 x 2.79 x 10, 4 .= 6.97 x 10-4 cm or 0.000697 cm,

4

Therefore, 0.000697 QM of lead required to meet the surface
requirements.,'

610



Three feet (1 meter)

Ro S 27

10 mrad /hr

XI = 2.79 x 10-4
2

X =

10

R.

274 121.8`nn-ad../hr
2.25

-121.8 12.18 = 2n

Therefore n = 3.7 (from0 table)

X =
ay rJ

Therefore X = 3TA 2.79 10:4 0.001032 cm

0.001032 cm of legd required tOiget the requirements at 3
feet or one meterk Since Y, is the greater amount, it will
be used for the sh&l:001032 x 2)radius = 0.002064 total

cm of lead. However, this is not practical. You could use air

to shield this source, That would require approximately 0.07
cm of air and you certainly have. that mach around the source.

6.. a. It is not exempt. It is a group IV material .with 20 curies
allowed in a type A package. We have only 10 mCi, so type
A packaging is to be used.

below IIrequirement - 10 Mrem/hr at surface and 0.5mrem/hr
at 3 feet (1- meter) from surface.

Calculate the source strength.

S = 0.56 aCE = 0.56 x 0.998'x 10 x 0.13632 (page 388, Pam 25)

S' = 7.62-)t 10-1 mrhm

Dose Rate

R =

R = 10 mrad/hr'

S = 7.62 x 10_1 mrhm

611
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)

Therefore, d = j07772 = .4-o . 0762

d = 0.276 m
10

This is using dose rate at the surface.

R . S--
d2

R = 0.5 mradinr at 1 meter from surface

S = 7.62 x 10:1

/O. 762d =n = 34.7T+ metersO. 5

...

0

a = 1.235

1.235 m - 1 m = 0.235 m from center of box to surface of box.

. 0.276 x 2 = 0.552 meter to a side, for the minimu
of the box.

9 V s
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POSTAL REQUIREMENTS FOR RADIOACTIVE MATERIAL

I. lonmailable Matter.

A. Any'package of rad
orYellow-III to
material in exc
mailabl

0

t-

active material marked with White I, Yellow II,

is or which contains quantities of radioactive
ss of those autfloriZed in.paragrapb IIA is non-

'ea

B. If a nonmailable package of radioactive material is discovered intact
in the postal system, the postmaster shall immediately

1. Place the-parcel at least 15 feet from other mail pr personnel.
Under no circumstances shall the package be dispatChed.

2. Notify the poitk inspector in charge promptly requesting

instructions as to the disposition of the package.

If a 'package of nonmailable radioactive material is broken or
lvikihg, the area around thedamaged package must be isolated

to prevent contact of persons-with arty loose radioactive material.

Any conveyor, belt, chute, or other equipment'or conveyance,
including mail bags, in which the radioactive material has leaked,

or may have leaked, should also be Isolated. The:isolated area

must be roped off or guarded, whenever practical. A temporary

sign indicating the presence of radioactive materials, with a

warning to keep out, should be placed at the edge ofthe roped

area. The postmaster, in cooperation with a postal insOotor
if one is available, shall immediately request the assistance.

of qualified persons to check radiation hazards and to supervise

the salvage and decontamination. This assistance may be received

from the sender, if he is nearby, or from one of the following:

a. Nearest office of the U. Nuclear Regulatory Commission. The
Nuclear Regulatory Cornrnission'offices are located as follows:.

Operations Office

Albuquerque

Chicago

Richland

6

Mail Address

P.O. Box 5400, Albuquerque,

New Mexico 81115

9800 South Cass Avenue,

Argonne, Illinois 60439

P.O. Box 550, Richlagd,
Washington 9952

fi

613

587

Telephone Number

(505)264-4667

(312)739 -7711
ext 2112, or 4451

(509)942-1111
ext 6-5441'

ti
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rations Office

Idaho

New York

Oak Ridge

San Francisco

Savannah River

V

Mail Address Tele hode Number

P.O. Box 2108,. Idaho
Falls, Idaho 83401

376 Hudson Street
New York, New York 10014

P.O. Box E, Oak Ridge,
Tennessee '37830

2111 Bancroft Way,
Berkeley, California 94704

P.O. Box A, Aiken,
South Carolina 29801 '

(208)526-0111
ext 1515

(212)989-1000

(615)483-8611
ext .34510

(415)841-5121
.ext 664 or 841-9244

N. Augusts, S.
-C.

(803)824-6331
ext 3333

b., Local health, fire, or pdlice department.

c. Local civil defense authorities.

d. Nearby military installation.

e. ,Nearby scientific laboratory.

II. Matter'Mailable.Under Special Rules.

Authorized mailableoradioactive materials include only those which are
classified as "small quantities" of radioactive materials or "radioactive
devices," as prescribed in 49 Code of Federal Regulations 173.391. These-
authorized materials, the m4ximum quantities! mailable, and the conditions
under which they may be mailed are described 'below:

.

Allf3mall Quantities (49 CFR 173.3910)).
-

Transport Group (173.389(h))

(173.3) .

I

iIVIV, V, or; VI
VIII

Special form radioactive Materials
(173.389(S))

Tritium oxide in aquedus solution

-Figsile radioactive materials
(173.389(0)

Maximum Quantity per Package

0.01 milicurie

0. 1 millicurie

1.0 millicurie

.. 25'.0 curies

1.0 millicurie

0.5. mi 1icurie/milliter

(3 curie /package limit)

15 trams*

*The total radioactivity may not exceed either the 'applicable activity lim.
for the a ropriate group or the special form radioactive mate ial
limit. \
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B. How to Wrap and Mail.

1. The above materiels must be securely contained in strong, tight

packages to prevent leakage of the contents'during normal postal

handling. Liquid radioactive materials must additionally be

packaged within a leak- resistant and corrosion resistant inner

container, surrounded by sufficient absorbent material to absorb

at least twice the volume. of the liquid radioactive contents.

2. The radiation dose rate at any point on the external surface

the package must not exceed 0.5 millirem per hour,

There must be no significant radioactive material on the exterior

of the package (49 CFR 173.397).
3..

4. The outside of the inner container must pear the Larking "radio-

active Material - No Label Required."
^OP.

C. Radioactive devices (49 cm 173.391(b)) - Manufactured articles such

as instruments, clocks, electrohic tubes, or apparata, dr other

similar devices, having radioactive materials (other than liquids) in

a nondispersible forme as a component part, are mailable providing

that the following conditions are met:

1. The radioactive materials must be securely contained within the

deviced, or securely packaged in strong tight packaged, such

that there will bp no leakage of radioactive materials under

.conditions normally.encoUntlred in postal handling.

2. The radiation dose rate at ,l'incha:S.irorn any unpackaged package

device must not exceed 10 millirem per hour.

c4=-1

3. The radiation dose rate at any point on the-c nal surf ace

of the outside container does not exceed 0.5 llirem-per

hour.

4. There must be no significant radioactive material on the

exterior of the pack6ge (49 CFR173.397).

5. The total radioactivity content'of a single package containing

"radioactfive devices mu.t rr.st exceed the quantibles'sbown in the

following table:

Transport Group

I

Quantity in Curies

Per Device Per Package
-

0.0001. 0.001

0.001 0.05 .

615
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Transport Group Quantity in Curies
Per Device Per Package

0.01 3.0

IV 0.05 3.0

' V or VI 1.0 1.0

VII 25.0 200.0

Special form radioactive
materials 0.05 20.0

Fissile radioactive materials
e 4

15 grams* 15 grams*

*The total radioactivity may not exceed either the applicable activity 'AMA
'for the appropriate transport group or the special form radioactive material
limit.

4.
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AR 5")45 12 November 1970

RADIOACTIVE MATERIALS MOVEMENT
D SHIPMENT r" RECEIPT

Fw &ills 0 No. !wok, sow AR SS.SS. We rowwww Howsy .s Ofil.1 Ow
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Do/Hy 0040 SrsII fro LswHrs

. See iristrutisons on reverse )
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I TO, (l0.... VP C.f.) 2 1101 incher ZIP C../.)

I
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SHI
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PROPER CONDITION FOR TRANSPORTATION
AS WRESCRIIRD SY APPL,CSLE

ARE PROPERLY CLASSIFIED, ACEAOLC, MARKEO, AND LASELLO. THE ARTICLES ARE JI
AND THE SPREADASLE ACTIVITY AND DOSE RATES ARE WITHIN THE SPECIFIED LIMITS,

REGu6ATIONS OF THE T OF TRANSPORTATION AMP DEOARTWC14, OF THE ARMY
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,
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.
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1 ,

' . .

.
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12 November 1970 AR 55-65

RECEIPT I
V/IC ARTICLES DESCRIIIIE0 ON REVERSE WERE RECEIVED IN PROPER TRANSPORT4T1014 CONINTIOSI, THE SPREADAMLE ACTIV.

ITS' AND DOSE RATES ARC WITHIN THE SPECIFIED LIMITS AS rarscsiseo UV APPLICABLE REGULATION OF THE DEPARTMENT OF
TRANSPORDATION AND THE DEPARTMENT OF THE ARMY EXCEPT AS NOTED 1141.01i. A '

IS. REMAPA4 ,.

' "
..

. ., e
.. ,. .

4 .

IA. SIGNATURE OF RAOIAT'ON PROTECTION OFFICER IlIstAtIvinf Oren IsatioN DATE

S SIGNATUPE Or CONSIGNEE GRAOE AND TITLE DATE

IC ORGANIZATION -

INSTRUCTIONS
GENERAL

Forms will be used to identify rsaioactiVe ship-
cents originated by Army elements for protection
of shipping, transporting, and receiving person-
nel and to assure compliance with DA and other
regulations. Receiving orginizations will use the
form to record receipt of radioactive shipments
troni.Arriy and non-Army elements and to indicate
any necessary radiatioll protection action. Celt:-
tification by the radiation protection officer Indic-
ates that all necessary radiation surveys and smear

. EXPLANATION

'1. Items I, 2, 3, 4. 5. Self-explanatory.

2. Item 6a. Indicate number and kind of packages
and package markings, if marked.

3. Item 6b. Indicate number of items contained in
package(s) shown in column 6a. Each type of Item
should be listed separately

4. Item 6c. Enter'sufficient information to Identify
the item(s). Include Federal Stock Number, if any.

5.' Item 7r. 'Show total number of curies, milli-
curies, or microcuries.contained in package(s) in
Column 6a. and, if available, the number of curies,
pillicuries or microcurien contained in each item.
Indicate chemical element andmass number of ,

radioizotopis and whether liquid, solid, or gaseous,
end sealed or unsealed.

'

t . _

tests were made with appropriate radiation/contaraina-
'bon measuring devices. See also paragraph 3-5,
AR 55-55. Shipping organizations will complete
three copies, retain one for record purposes, and
deliver one to the carrier who will deliver one
copy to the receiving organization. When forms are
originated by receiving organizations, sufficient
copies will be prepared for record purposes and use
in follow-up action as necessary.

OF FORM ... .

A. Item 7b. 'Indicate radiation le4els in mR/hr.

7. Item 8. Self-explanatory.

8. Item 9. List special precaution necessary in
handling, transporting and storing. Where shipments
are at variance with or are exempted from portions
of the 'regulations (i.e., labeling, packaging, con.*

Wainer specification), include a statement to so in-
dicate and list specific authority for the veriande or
exemption.

.9 (teas 10, II, 12. Self-explanatory.
..

10. Item 13. Record exceptions to receipt state-
ment and follow.up actions taken. If none, so
indicate.

. .

IL Items 14, 15, 16. Self-explanatory.

.

Bcok
Figur. S-7.-Continued.c\
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DF410, DISPOSAL OF RADIOACTIVE MATERIAL

References "Handouts - Section III; TM -260; AR 755- 15; CFR Title 10,

,..'Part 20.

II. Lesson Objectives and Notes.

A. Federalyaste Disposal Regulations.

B, DA Waste Disposal Program..

.t)

C. Present, and Future Methods of Waste Disposal.

s
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Notes:

ip

III. Handouts:

A. Examples.

B. Vu-Graphs used in lesson presentation.
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I

DEPARTMENT OF rdE ARMY
U. S. ARMY CHEMICAL CENTER AND SCHOOL

Fort McClellan, Alabama 16201

' SUBJECT: Request for Disposition Instructions

THRU: Commanding Officer
5 USA Schpol/Treining Center

Fort McClellan, Alabama .36201

CG, Third U. S.-4try
ATTN: AJAGL-D-S-S (Radioactive Material Control Point)
Fort McPherson, Georgia 30330

CG, USCONARC
ATM: ATLOG-S/GS,
Fort Monroe, Virginia 23351

TO: Commanding Officer
US Army Edgec400d Arsenal
ATTN: SMUEA-ISCP (Radioactive Material Disposal Facility)
Edgewood Arsenal, Maryland 21010

Nor.

Under the provisions of para 15, AR 755-15, request disposition instruc-
tions for the following radioactive waste material.

a. Nomenclature: Solid waste material, no FSN.

b. Physical descriptibn of items:

(1) Solid

(2) Quantity: Not applicable

(3) Number of individual items per package and type of packages:
See para (6) below.

(y) Number of shipping containers: Twenty-seven (27)

(5) Exterior dimensions and weight of packaged shipping container:
Thirteen (13) fifty-five gallon drums weighing approximately 1,000 pounds
with a cubage of 10.9 cubic feet each; fourteen (14) twenty-three gallon drums
weighing app ximately 50 pounds each with a cubage of 3.2 cubic feet each.

(6) Shi lding material and thickness: 1'he fifty-five villon drums
contain a twenty-three gallon drum'centered with a dense concrete poured com-
pletely surrounding it. (At. least 8" on top and bottom and 4" on sides.) The
twenty-three gallon shipping containers contain no shielding material.

(7) Department of Transportation permit or waiver number:. Not applicable.

624
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SUBJE Request for Disposition Instructions

Quantity and radiation measurements.

(1) Millicuries of artAvity'of each radioisotope: Unknown.

) Maximum radiation dose rates (mrad/hr) at the surface and

at one m m the surface of the radioactive item: This waste material

consists of glassware, filter, paper, paper towelling, cotton swipes, smear

piPer,.sawdust; an inert 155mm projectile, an inert 105mrn- projectile', and

pavement surfacing determined to be contaminated to an extent that resurfacing

was necessary; therefore, no measurements of the items can be determined.

(3) Maximum radiation dose rates (mrad/hr) at the surface arid at

one meter from the surface of the packages: See inclosure.l. s"

1 Incl
as

FOR THE COMMANDANT:
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Container No.

.2 Gallon Drums

2

3
4

5

6

7
8

9
10
11
12

13

14'

55 Gallon Drfts

,,RADIOACTIVE WASTE MATERIAL

Surface Reading - Reading at One Meter
. mrad/hr

2

- -8

10
3o
160

190
170

Aw 140
190

.0' 30

int
180 '

100..

90

%,"

mrad/hr ,

IWO

0.3

o.4

0.6
2.0
4.5
4.3

3.5
4.4

1.9

3.3
4.2

3.1
2,8

15 6 0 6.7
16 90 3:5
17 5 o.8
18 106 3.5
19 120 2.8
20 70 . 3.0
21 . 46 2.9
22 150 3.6
23 25 1.9"
24 .18Q 5.0
25 190 3.9
26 120 2.9

** 27 90 . 2.2

5)8
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SMUEA-ISCP (30 Dec 68) 1st Ind

SUBJECT: Request for Disposition Instructions '

U. S. ARMY EDGEWOOD ARSENAL, Edgewood,Arsenal, Maryland 21010

5'February 1969

Commanding General, U. S. Continental Army Command, ATTN: ATLOG-S/GS,

FoA Monroe, Virginia 23351

1. The radioact material described in basic letter may be shipped to

Transportation Offic r, Army Chemical Center, Maryland for: Radioactive
Material Disposal Section, U. S. Army Eastern Chemical Depot, with TWO COPIES

of shipping document.

2. The material must be securely packaged, sealed airtight in a strong
outside container and shipped in accordance with Title 49, Parts 171 to 179,
Code of Federal Regulations, Transportation, in regard to external dose rates,
removable contamination on the package surface, contain&r.structure, marking
and labeling. Local...Transportation Officer has appropriate shipping criteria.

3. The certificate referenced in Title 49, CFR:, paragraph 173.430,,should
be placed on each copy df shipping documents and signed.

4. Shipment by Parcel Post pr any other US Mail is PROHIBITEb. Packages

shipped should be marked-to indicate consignee, consignor, and content

nomenclature. Shipment should be completed by 28 February 1969

FOR THE COMMANDER:,,

1 Incl ROBERT L. DEAN

nc Chief, Toxic and Radiological Branch

599
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B. Vu-Graph Materi I Used in Lesson.

Vu- Graphs

1. Accumulatin: Organization

Any Army acti 'ty, other than a radioactive material disposal
facility, whit generates or accumulates radioactive materials.

2. Local Storage

Storage pf unw nted radioactive material on a temporary basis
only atsiolaces'other than the Army radioactive material disposal

facility.

3. Army Radioactive Material Disposal Facility

A facility which receives
organizations and which al
labels, ships, and effects
material.

4. '.Radioactive Material

ioactive material from accumulating
storeki concentrates, packages, marks,

the Ultitilate disposal of radioactive.

Any material or combination of materials that spontaneously emit.
ionizing radiation.

(2.)

5. S Material

Radioisotope - any isotope

Source material

Special nuclear material

is radioactive

_

Collective term for both Vrce and special nuclear material. SS

material includes plutonium) thorium, Uranium -233, Uranium-235, and
Uranium -239. In addition, whenever deterium, tritium, enriched
lithium, or compounds of these materials are employed in special
weapons applications, trey are considered to be SS material and must

be controlled. and accounted.for as .such.

6, DispoSal

The act of getting rid of unwanted radioactive material under proper

authority. Disposal .may be accomplished by, but is not limited to,
transfer. donation, sale,,or ultimate removal from the environment.

629



Vu-Graphs
. 16,r,,

7. Atlinnate Th osal

The removal of radioactive material from man's immediate habitat.
Ultimate disposal includes sea disposal, land burial, incineration,
and disposal into the sewerage 'system or into local streams. It
does not include action taken to return sources and spec2t1 nuclear
material to DASA or the US Nuclear Regulatoiy Commission (NRC) for
reprocessing

Se isposal Burying radioactive materials at sea,, in water more
than 1, thoms deep and not less than 10 miles from shore.

8. Radioactive Wast%

Unwanted material Vontaminatedyith radioisotopes including SS,mate-
rial, special weapons radioactive waste., and -radioactive wa,ste

associated with production, possession, and use-of radiodetiv6 material%.
'Radioactive waste will include property which while. originally non-
radioactive has, become contaminated to such an extent that.it is.
economically unsound to decontaminate or the contamination cannot
be reduced to a safe level.

9. SS NuC'lear Waste

Source and special nuclear residues which cannot be espnoniically
sOparated frAfhose material- which' their have contaminated.'

Controlled Area - any area which is resteicted for the purpose of
, protection of personnel from exposure toradiation and radiOdbtive

materials.

Uncontrolled Area - any area which is not a controlled area

'
10. Responsibility of CG of AMC t

S

a. -Formulates Tulicies, procedures and methods.

-b. Establishment of Army radioactive material disposa4 facilities.

" c. -Conducting studies and investigations to provide up-to-date
.

. methods.
....,-

.

A.

d. Designing containers for radioactive waste..

e
e. Providing technical assistance.

630
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10. (cont)
. .

f. Providing technical advice for the establishment and

A operation Of Army radioactive material disposal facilities.

Provide qualified technical escort personnel.

(Not a VG) Oversee. Commanders

Major oversea tommanders, witbAhe,ExceptiOn of the CG,
Southern Command, are responsible for the following:

(1) The establishment and operation of oversea radioactive
material disposal facilities as required for the receipt,'
storage, markIng, packaging, labeling, and shipment of
radioactive material for ultimate, disposal.

(2) Support of the radioactive material disposal facilities
with personnel and equipment.

(3) The establishment of qualifies escort of radioactive
waste shipments within the oversea, theater as may be

required. ,

(Not a VG) Special Pi:oblems

Speciafradioactive waste disposal problems requiring
logistical assistance will be directed to CG, U. S.
Army Materiel Comrrand, ATTN: ALMA -DA. Problems invol-
ving licensing regulations, decontamination; andloi
radiological-safety will be routed to CG; U. S. Army

Materiel Command, ATTN: AMCAD-S.

11. Segregation of Material

Combustible

Gas,
Liquid
Solid

Noncombustible

Gas
Liquid
Solid

603
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12. Storage of Isotopes

Materials will be 'stored in covered containers. Each container
having radioactive materials stored therein will display the
following up-to-date information:

(1) Radiation symbol and words "Caution - Radioactive Materials."

(2) Radioisotope present.

(3). Level of activity; i.e., number of curies, millic s or

microcuries.

(4) Date on which the level of activity was measured.

(5) Maximum dose rate (mrad/hr) at the surface of the container.

(6) Maximum dose rate (mrad/hr) at 1 meterArom the surface.

13. Area Posting

"Radiation areaareas for the. purpose of disposal of unwanted radio-
active materials means any area, accessible to personnel, in which
there exists ionizing radiation, originating in whole or in part
within licensed or unlicensed (or radioactive) material, at such
level's that a mqjpr portion of the body could in any hour receive
a dose in excess of 5 millirem. If this area exists outside a
fenced -in area it will be delineated and proper signs placed.

14. High Radiation Area

A "High Radiation Area" is any area accessible to personnel in
which there exists radiation at such levels that a major porti n
of the body could receive in any one hour a dose in excess of 100
millirem. If' this area exists for m9re than 30 days, it wi be
equipped with control devices as required in Title 10, CFR 0.203.

15. Airborne Radioactivity Area

An "Airborne Radioactivity Area" is a room, enclosure, or area in
which the airborne radioaCtive materials exist in concentrations
in excess of 25 percent of the amounts specified in App B, Table I,

Column I of Title 10, CFR 20.,

632
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Vu-Graphs

16. Marking of Radioactive Materials and Containers

Each room, area or enclosure containing radioabtive materials
will be conspicuously posted with "radioactive material" warning

signs.
-

Storage or shipping containers containing-radioactive materials
will be conspicuously posted with the radioactive material tag.
The information requested on the tag will be completed in indelible'

izi or pencil.

17. SourCes of Waste Material, Liquid and Solid

Ore processing results in low-specific activity waste containing

alpha emitting isotopes of uranium. :

Decontamination wastes are usually characterized by large volume
and small quantity of radioactivity, the result of flushing or

rinsing to effect decontamination.

Cooling fluids from operating nutlear.reactors'become radioactive
largely as the result of neutron bombardment of the coolant itself.

Laboratory waste will produce high levels of activity and will be

small in volume. Decontamination of glassware, gloves, and equip-

ment will produce large quantities of low level waste. I
18. TYpes of Waste

High level waste is that having an activity leVel of a curie or

a curie per gallon if liquid.

Intermediate level waste is that having an activity level of a
millicurie or a millicurie per gallon-if liquid.

4
.

Low level waste is that having an activity level of a =tr curie

or a microcurie per gallon if liquid.

19. Information in Disposal Request

1. Nomenclature and National Federal stock number and, ,when
. ,

applicable, serial numbers will be shown.

2. Physical description of items to include:

a. Solid and liquid-

b. Quantity (number. weight' and'volume).

633
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: .

.

c. Number of individual. Items Ter -package amitypepf"
package.

d. -Number of shipping' containers.

e. 'Exterior dimension and weight of packaged shipping

container.
_

f. Shielding material and thickness, if applicable.

Department of Transportation (B of E) permit or
waiver number, if applicable.

g.

20. ' Other Information Needed

'1. Chemical and radioisotopic description.

-
a. Hazardous chemicals present.

?* For liquids, the solvent present.

e. Radioisotopes present.

2.' Quantity and radiation measurement to include:
.

a. Millicuries of activity Of each radioisotope.

b. ,Maximum radiation dose rate (mrad/hr) at the surface
_ ,

p and at 1 meter from the surface.

21:
.

Labeling for Common Carrier Shipment.

1. Radiation symbol and "Caution Radioactive Material."

2. Consignee.

3. Maximum dose rate iiumr/hr at surface of package.

4. Maximum dose rate in mr/hr,at 1 meter from the package.

5. Radioisotope present.

6. Amount of radioactivity; i.e.,

or microcuries.

6 :)8.-
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(Not a VG)

Requests for disnoserinstructions should besubmitted through
major CONUSCommand'Raiioactive Material Control Point-tp%

Commanding Officer
USA Edgewood Arsenal

SMUEA-ISCP.
Edgewood Arsenal, Maryland 21010

cs

u;.Clraphs

22. Ultimate Disposal

1. Burial-Of waste material.

2. Sea disposal.

3. Sanitary sewerage disposal.

4. Transfer to other licensees.

Underground storage.'

4

6. Incineration.

23. Burial, of Waste Materials

Regulated by paragraph 20.203, Part 20, Title 10, CFR.

(1) 1,000 x limits set. in App C, Title 10, Part 20, CFR.

(2) 4 feet deep.

(3) ,6 feet apart.

'(4) 12 burials pe ear..

(5) No,more than 1 curie can be burled.

'(6) Should be marked and in an isolatedarea.

(Not a 11(3)

'Sanitary Sewerage Disposal (regulated by pare 20.303, Part 20,
Title W10, CFRI.

No licensee shall discharge licensed material into a sanitary
sewerage system unless:

635
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-(1) . It is readily soluble or dispersible in water.

(2) The quantity in 1 day, if diluted by the average daily
quantity of sewerage released into the sewer by.the licensees
will result in an average concentration equal to the limits
specified in App B.

Table I, I, Column 2, or ten times the quantity of such material specified

in App C of this part. .111 larger value is to be taken: .

(1) In any one month, if diluted by the average monthly qUantity
of water released by the licensee, will not result in an
average concentration exceeding the limits specified in
App B, Table I, Column 2.

(2) The gross quantity of licensed and radioactive material
released into the sewerage systei by the licensee does not

exceed 1 curie per year.

*(14ot a WO App- C, Title 10, Part 20, CFR.t

Records.

a. Personnel.

b. Swipe Test.

c. Vault Readings.

d. Disposal Readings.

1'

a

.1

. 6)53
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IV. Problems.

.0.

0

1. You have recently been assigned.as the Radiological Safety

Officer at an instillation. One of your duties is disposal

of radioactive materials. One of the using agencies at this

pixstallation has turned in 0.1 uCi of 11 1 Ag soluble: What

avenues are open to4rou for disposal of this material?

A

2. Following the situation as outlined in- problem 1, if the

sanitary sewerage is to be used, what operations must be

accomplished? (Work the solution out in detail.)

609
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3. If in the above situation the isotope had been 125Sn soluble
and the quantity was 1 MCi, what action would be necessary to
dispose of this material through the sanitary sewerage?

'r.

/.

4. You, as dipposal officer, are given a small amount Of liquid

solution containing
210

Pb. The reading you get on this sample
after all corrections are made is 2,500 disintegrations per
second. You wish to dispose of this isotope, through the sani-
tary sewerage system. What action Must be taken?

60
638



5. An unknown isotope gives reading of 3
per minute after corrections have been made
must be accomplished to dispose of this _material
the sanitary sewerage system?

0,000 disintegratip6
. What action

through

4\

6.
'

You as disposal officei, have been given the following

. amount of radioactive material in liquid solution:- 50p.Ci of

14C,
35p.Ci of 72Ga, 4.2 p.Ci of 59Fe, 5p.Ci of 185W and 6 gi

311
of I. Can this material be disposed of through the sanitary
sewerage if the average monthly-flow of water through the sani-

' tary sewerage is 9 x 109 ml. (:)11 have no preVious dump in the

sanitary sewer.

611
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V. SolutioAs.

1. a. Requeit disposal instructions through major CONS Command
Radioactive Material Control Point, frbm:

Commanding Officer
- ATTN:' SMUEA -IS CP

APG-EA, Maryland 21005

Ship the material according to instructions following the
-

regulations established by the Department of Transporta-
tion:

b. Dispose of the material through the sanitary sewerage.

c. Store material and allow for decay since this isotope has'a
rather short half .ilife. 0

2. To use the sanitary sewerage the requirements in Title 10, CFR 20,
must be met.

.

Paragraph 20.303 states in subparagraph b(1) and b(2) the amount
that canbe released: b(2) is the larger -1,000 1-0Ci.

From App C - 100 uCi x 10 = 1,000 RCi

The material can be released directly to the sanitary sewerage
without dilution provided the average monthly water sewerage
rate is

0.1

1 x 10-3

Maximum allowable concentration which can be eliminated through

the sanitary sewerage 5.x 10
-4

gi/ml.

or 100 ml of water

Amount to be disposed of -

= ,2,000 rn1 of water needed for dilutidn.
5 x 10

4

From App C - 10 4Ci x 10 = 100 gi - maximum amount that could'
be disposed of in 1 day.

fl (')
0 L
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4. Maximum allowable concentration.

4 x 10
-6

pCiiml

Amount to be disposed of

2500 dps 2.5 x 103
6.76 x 102gCi

3.7 x 10
4

dps/pCi ;77777

6.76 x l0_2
1.69 x 10

4

4 x 10-6

16,900-ml of water needed for dilution.

5. . Given: 30,000 dpm

.11.11

30,000 dpm

6041
min

4= 500 dps

Conversion factor: 3.7 x 10
4

dps =

500 dps
= 1.35 x 10

-2
pCi

3.7 x 104 LE
p.Ci

From App B, Footnote 2 (10 CFR 20) the maximum allowable
concentration is

4'x 10-7 pCiiml

From App C (10 CFR 20) the maximum allowable concentration for an

unknown radioisotope is

0,1pCi.

From para 20.303b(2) (10 CFR 20) ten times the amount listed above,

or 10 x 0.1pCi = 1p.Ci may be disposed of through sanitary sewerage.

.,

613
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The amount of water necessary to dilute the disposyd radioisotope
is governed by App B, Footnote 2.

1.35 x 10
-2
gCi

4 x 10
-7

.

ml

= 3.38 x 104 ml of water.

3.38x 104 ml of water must be dumped into the---seWer in the month

that the 1.35 x 10
-2

pCi of radioisotope is disposed.

6. Given: 50tCi 14C (9,x 109m1) = 5.55.x 10-9 PCi
ml

3514i 72Ga (9 x 109 ml) = 3,9 x 10-9 EL

4.2 gCi 59Fe + (9 x 109 ml) = 4.67 x 1010 1-1°i
ml

185w 0-10 p.Ci(9 x 109 ml) 1

m1

6 gCi 1311 (9.x 109 ml) = 6.67 x 10.1°14i
ml

..(Average monthly sewerage volume = 9 x 109 fill)

From App C (10 CFR 20)
seen to be greater than

144

allowable concentrations are
actual concentrations.

Allowable Actual

50 pCi .

...

1,000 1.1.Ci

72
Ga 100 gCi 35 141.4,

59Fe 100 gCi 4.2 gCi

1311
10 gCi 6 pCi

18514
100 gCi 5 pCi

Therefor9( the requirements of pp C are satisfied.

-6 IA
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.

¶o check for compliance with the requirements.of App B:

flpa) . (18No
CA(

14
C) C

B
(
72

Ga) CC( 59Fe)
D' E' c 1

..
MPC

A
+

MPC
B

+
,..

+
MPCc

MPCD '-+ MPCE
x

5.55 x 10 -9 3.9x 10-9 10
+' +

4.67 x 10- 6.67 x 10-1-° 5.55 x 10-1°

2 x 10
-2

1 x 10-3 2 x 10 3 6 x 10-5 4 x 10-3

= 2.77 x 10
-7

+ 3.9 x 10
-6

+ 2.33 x 10
-7

+0..11 x 10-5 + 1.39 x 10 71c 1
. .

-..

e

Therefore, the requirements of App.B are satisfied and the mateHal may
be disposed of through the sewerage system.

..-

-",

..1
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DF420, RADIOLOGICAL DECONTAMINATION

I. Reference: IM 3-200, ch 4:; DA Pam 3?-3, para

Lesson Objectives and Notes.

A. Principles of decontamination.
40

B. Primary methods of decontamination.

C. Pr.eventive measures'for radiological accidents.

D. Installation decontamination proceddres.

1

617
644

)'



1

Notei:

IV.

V.

C-

Handouts:. DF420, Decontamination Exercise.

PrOblem's Notie

Soliziop.:3: None
.
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DATA SHEET FOR
DECONTAMINATION EXERCISE

Student No.

Class

C

s Date

I. BACKGROUND:

A. ,IM -141: mrad/hr
B. Scaler: c/m .

II. DATA:

A. Type of Surface:

B. Type of Contaminhnt (Dry or Wet):

C. Dose Raid' Readings:

1, Initial: mrad/hr

2. After blotting (wet only) mrad/hr

After water:

1st, application ad/hr

2d application mrad/hr

Wipe test* c/m

*only performed if no reading above background With IM-141
radiacmeter.

. After 5 %Detergent: mrad/hr

5. After 6elloso1ve: mrad/hr

6. After 1% Versene: mrad/hr

7. Wipe Test: c/m

8. After 1 minute scrubbing: mrad/hr

9: Wipe test after scrubbing; c/m

10. - Final IM-141 readings mrad/hr

650
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. CONCLUSIONS:

A. Easiest surface to decontaminate:

B. Most difficult surface to decontaminate:

C. Best decontaminant utilized:

0

.62Q
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RADIOLOGICAL DECONTAMINATION
Practical Exercise

1. Laboratory Briefing.

a. Setup. -In the laboratory, each setup will consist of several
contaminated surfaces and selected decontaminants and eqUipment.

'An,AN/PDR-27J radiacmeter and Baird.Atomic 'Scaler will be used for
determining the background and extent of contamination.

b. Students will work in teams of three. One individual willbe.the
decontaminator; he must wear an apron and gloves. One'student
will act as Radiological Safety Officer; the third studentwill
record the group's findings on the data sheet (DF420).

c". ,Each vdup will decontaminate three contaminated surfaces. After
each surface is decontaminated, individuals will change jobs so
'that each student functions in all, three positions during the
exercise.

d.: The student 'Radiological Safety Officer will operate the radial
instrument. He will determine the background count, the extent
of contamination on the surface, and contamination (if any)° on
the student decontaminator.

2. Laboratory Exercise:

a. Determination of bitckground. Student in each7tead selected as
Radiological Safety Officer (RSO) will determine backgrdund with
the AN/PDR-27J and the Scaler (2 in count). The recorder will
notereadings on the_data sheet. "

Decontamination of wet surface.

(1) Each team"selecta_the surface contaminated'with aliquid
contaminant. ''The RSO deter-Mines the degree of.contamina-.

4 s tion with the.AN/PDR-47J.. '(NOTE: Monitor the entire surface
'and note the area of greatest.contaminati6p.)

(2) Student decontaminator uses'saiiitary napkin to absorb, excess
contaminant and places` napkin in wasteContainer.'

(3) RSO again monitors surface, 4c,
(4) Decontaminatdr applies water to contaminated area and waits

3 'minutes. He then blots water with sanitary, napkins.'-

6 :',1-
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(5) Student RSO again monitors with AN/PDR-7J.

(6), Decontaminator repeats step (4) and (5).

,
(7) RSO monitors surface with the AN/PDR-27,1: If he detects no

reading above background, the decontaminator Performs a wipe

test of the surface, using the brown paper, swipes. The swipe

should be placedin the scaler for 2 minutes; the recorder

notes counts tier minute and records on data she,et. If no

count above background is noted, anAI will confirm the team's

result. Students can then proceed to the next item and change

jobs.

(8) If the count in step (7) is above background, the team repeats

steps (4) through (7), using5% detergent solution in place of

water.

(9) If count remains.above background after step (8), use wetting

agent (5% cellosolve). If this treatment Tails, repeat using

1% Versene.

(10) After decontamination with 1% Versene, the decontaminator

performsanother wipe test. Recorder notes counts per minute

and records on data sheet.

(11) Decontaminator selects the most effective decbntaminant; based

on previous results, and brushes it on the surface for 1 minute.

He blots the excess.liquid with a sanitary napkin; the RSQ then

monitors with the AN/PDI;(-27J.

A

(12) -Decontaminator then performs a final wipe test. Recorder notes

findings on data sheet. RSO takes final reading of surface'with

.AWPDR=27J following wipe test.

(13) qeams'select similar surfac4 which is contaminated with,a dry

contaminant and repeat steps (3), through (12), unless back-

4 ground is obtained in prior step. .

,

(14) TeaMs select third surfaceand repeat gteps_(3)ethrough (12),-

unless backgroundtiNachieVed in Prior step.

.
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DF430, HEALTH PHYSICS ENVIRONMENTAL. SURVEY

I. Assignment.

Read the information beloW and complete the requirements.

II. Situation.

Your class has been divided into six teams, one team for each area of
the USAOCEES to be surveyed. You are responsible for conducting a
radiological monitoring survey in the area assigned to you. A formal,

report will be submitted on handout DF430.

III. Requirements.

0 A. During the class on Health Physics Survey, you are,to conduct a
radiological survey using the smear technique.

1. Proceed to the scaler laboratory; begin the background count
noting the starting time and the voltage of the scaler. Allow
scaler to run while conducting the survey.

. 2. Using the equipment furnished, pre-plan locations to be smear-
tested. Locations to be numbered consecutively on diagram.

3. Proceed to assigned areas and conduct survey..
-te=

4. Return to scaler labpratory and perform sealer count (3 minutes)
on smears taken. Record on handoUt DF430. Senior individual
of team to'sign .as surveyor. Don't forget to record background.

5. If wsmeer indicates three times background or 100 cpm in excess
of background contact the instructor.

6. Turn in to instructor the completed handout DF430.. This is to

be utilized as the' file copy of the annual survey which mast be
conducted within the USAOCEES facilities.

B. Areas to be Surveyed.

1. Dosiietry

2. ' Laboratory W

62 4
4
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3. Health Physibs Office

4. Laboratory T

5. Vault

6. Isotope Laboratory

IV. Handouts: DF430, Survey Itesulti

V. Problems: None

VI. Solutions: None

9

I
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SURVEY RESULTS

Smear Test.

Instrument SN

Background

(

Counts , Time '(Min)

cpm

Smear
No.

Gross
Counts

Time
(Min)

Gross
cpm

BG
cpm

,Net
cpm

1

2

3

4

5

6

7

8

10

.

.

,

-

i

.

.

.

..

. -

-

.

_

.

,

.

,

1

,

.

.
.

.

,

--

.
.

;

,

...

.

.

.

.

7

,
,

.

.

.

.

I

,... /

Y..

t-

A
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DF440, RADIOLOGICAL'SAFETY INVOLVING, X-RAYS

I. References: None

II. Discussion and Notes:

A. Discussion.'

1. Shielding.

a. Aluminum equivalent - the thickness of aluminum affording the
same attenuation, under specified conditions, as the material
in question.

b. Concrete equivalent - the thickness of concrete based on a
density of 2.35 g/cm3 (147 lb/ft) affording the same attenua-
tion, under specified conditions, as the material in question.

c. Filter - material placed in the useful'beam to absorb preferen-
tially the less penetrating radiation.

d. Added filter - filter added to the inherent filtration.

e.

g.

Inherent filtration - fi
window of the X-ray to

Total filter -.the

ration in the useful beam due to the
e and any permanent tube enclosure.

of the inherent and added filters.

Half-value layer (hvl) - thickness of an absorber required to
reduce a beam of radiation to one-half its incident exposure
dose rate.

h. Lead, equivalent - the thickness of lead affording the same'
attenuation, under specified conditions, as the material in
question.

2. Shielding Barriers.

a. ;Protective barrier - barrier of attenuation materials used to
reduce radiation exposure.

b. Primary protective barrier - barrier sufficient to attenuate
the useful beam to-the required degree.

c. .Secondary protective barrier,- barrier sufficient to attenuate
stray radiation to the required degree.

3. Radiation and Radiation Hazards.

a. Radiation - energy propiagated.through space:
tion, eradiation refers to X-rays.

b. Leakage radiation - all radiation coming fliom

housing except the useful beam.

Slo 658
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Scattered radiation - :radiation that, during passage through

matter, has been deviatedin direction. It may also have been'

modified by a decrease in energy.

Stray radiation - radiation not serving any useful purpose. It

includes leakage and secondary radiation.

e,. Useful beam -plat part of the radiation which passes through the
window, aperture, cone, or other collimating device of the tube

housing.

f. Radiation hazard - a condition under which, persons might receive

radiation id excess of the maximum permissible dose, or-radia-
tion damage Might be caused to materials.

4. , Beam Shielding.

a. Collimator - a device used to restrict the size of the useful beam
to less than the area'df the barrier,. -

b. Shutter - a device, generally of lea , fixed to an X -ray tube

hotising to'intercept theuseful beam.

c. Cone"- a cone-shaped metal tube which absorbs the unwanted di-

vergent rays from the x-ray beam. Its purpose is to produce a '

4
limited beam of radiation so that a specific size film is completely

,tovered.

d. 'Cylinder - a cylindrically shaped metal tube1Which absorbs the

unwanted part, of the beam. The cylinder is designed to project

a small beam'of radiation to the center of the Tilm.

3 e. Diaphragm - consists c4 a piece 'of lead with a small hole cut into

it. This hole isadjustable on some diaphragms.

5. X-Ray Constructibn and Controls.

a. Diagnostic-type protective tube housing - X- ay tube housing so

'constructed that the leakage radiation at a 'dbtance of 1 meter

from the target cannot exceed 100 mr/hr ilhen the tube is operated

at any of its specified'ratings.

b. Therapeutic-type protective tube housing - X-ray tube housing so

constructed that the leakage. radiation at a distance o meter

from the target cannot exceed 1 rad/hr a#d at,a distance 5 cm

...from any point on the surface of the housing.acCesaible to he

patient cannot exceed 30 rad/hr when the tubNra operated at ny

of its specified ratings.

659
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A,.

C.. ,Dead-man switch, witch so constructed that a circuit clelsing
contact casonly be aintained by contintioua pressure by the
.o.perator, .

d. Interlock - a device for precluding. access to an area of radiation
hazard either by preventing entry or by automatically removing the
hazard.

e. Controlled area - a defined area in which the occupational expo-
sure of personnel to radiation or to radioactive materials is "

'under the supervision of an individual in charge of radiation
protection.

f. Radiation prote< survey - evaluation of the radiation hazards
inand around an i tallation. It cu omarily includes a physical ,

survey of the arrangement of the expo e rates under expected,
operating conditions.

Terminology Used in Qperations.

a.. Constant potential - tbis term is applied to a unidifectional
potential (or voltage) which has little or no periodic variation.
The periodic component is called the ripple potential.(or ripple

/- voltage).

1

b. FOS - distance from focal spot to/skin surface of patient. C-

c. Kilovolt.peak the crest value in kilovolts of the potential
of a pulsating potential generator. When only one-half of the wave
is used the value refers to, the useful half.of the wave.

.

d. Milliampere (ma) - current flowing in the tube. Most X-ray
machihes are operated'at, or above, the saturation current oe
the tube. The saturation current is the mq.xinhurn currentwhich
will flow from the cathode "to'the anode (measured in ma) re-
gardless of kvp applied. The kv may b0 varied independently of
the ma, and the ma May, 'be' charged independently- of the Icy,.

,

Occupancy factor (T) - thg factor by which the workload should.Se
multiplied to correct for the degree or type of occupancy of the
'area in question:.

f. Use factor (U) - the fraction of the workload luring which the
useful beam is pointed in the direction under considetittion.

g. Workload -(W) - the use of kn)CIray machine expressed in milliampere
minutes per-meek.

No
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X-Ray Production.

a. -Source of electrons must be available.

b. Means of very rapidly speeding up (accelerating) these electrons,/

c. Means of very suddenly stopping the electrons.

e. 'Radiographic Installations.

a..1 Useful beam pointed mainly toward the radiographic table and'chest
cassette holder.

,Protective enclosure/ so, located that X-ray-technician can observe.

and communicate with patient.

IC. Lead glass widow sufficient size (not less than 10" x 12"). penter
of lead glass 60" from floor.

X -ray control booth accommodates the X-ray control nd X-ray tech-
nician. Technician can locate in front of the lead glass window.

''Stiuctural Detail of Protective Barriers.

a. 1/16" Sheet lead if the required lead equivalent thickness ispor-
provided by existing wall or floor structure.

No sag or cold-flow of lead shielding because of their own weight.

Joints in barribr lap at least i".

, d. Welded or burned seams not less than barrier requirement.

e. Windows, window frames, doors, and door frames same lead equivalent,
as wall.

f. Holes in barrier covered so overall attenuation is the -same.

g. ' Louvers and holps for conduits, air ducts, etc, provided baffles
. to waive aome.attenuation.'

10. Radiographic Equipment.

,a. The tube housing shoulA be.of.diagnostic 'type;

b. Diaphragms or cones should be provided for coll siting the useful
beam and should provide the same degree of prate tion as that re7
quired of the housing.'

7.

6.32
a 661.

.4'

. i v *
... ,1i



tr

c. The iota]: filtration permanently in thos useful beam should be not
less than 2.5 of aluminum equivalent; This requirement may
be assumed to have been met if the hvl is not less than Z.5 mm
alumimirn at normal operating voltages. The tube may be
assumed' to.have an inherent filtration of 0.5 mm aluminum
equivalent.

d. A dead-man type of exposure switch should be provided and so arranged
that it' cannot be conveniently operated outside a shielded area.
Exposure switches for "spot-film",devicts used in conjlinction with
fluoroscopic tables areexcepted from this shielding requirement.

_11, Structural Shielding.

a. All inside walla and dbors should have a lead equivalent thickness
of "1/16" to a height of 7 feet.

.
b. The floor should have a lead equivalent thickness of 416" if the

area-below.the radiographic room iaor could beoccupied.
.

o., The ceiling should have a lead equivaleh.thickness of 1/32' if the
area above.the radiographic room is or.could, be occupied.

d: If the chest cassette holder is located against the outside wall
and the area within 50 feet beyond the outside wall is occupied,
the wall behind the Chest cassette holder should have alead equi-
valent thickness of 1/16". ,This area should extend from the floor
to a height of.7tfeet and extend,?,feet beyond the sides of the
cassette holder. .

e. The X-ray control 'cabinet should be located in an adjacent room or
in--.11 shielded booth4rithin the 'same room. The dontrol booth should
be so arranged that the radiation has'to be scattered at least .

twice before entering the booth. The lead equivalent thickness of
the booth wall Should'be 1/16".4

An observation window having a lead equivalent; thickness of 1/16"
'should be proVidedin the control, booth wall for the X -ray techni-
cian. The window should provide a convenient, unobstructed view
of alt areas within. the" radiographic, rooms where a patient may be
placed for radiography.
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12: Other Itefts of Interest. .

a. Lead Equivalents.

Lead 1L16 1Esh

Brick , 61
Granite 41
'Limestone 5.
Marble 4

Sand plaster% 7
Sandstone 5

Siliceous concrete 5

Tile
/

6i

,

.

''.*

1/32,inch

4
2

2 3/4
4
4v

3
1 3/4 AL

. 31.

'b. Radiation Protection Standar:3s.

NOM:

.

. Average
weekly-

.

dose

13-week Maximum
dose yearly,

-.. dose

Maximum
accumulated
dose** .

, .
'

. P

Radiation workers:
Whole body,
-', gonads, blood-

forming organs;

and lens of eyz
Skin of whole

body .

.
Hands and fore-

arms, head,.

neck!, feet,

'and ankles

EnVirons (non-
radiation
workers):

Any part of
.. body

.

.

0.1
.

--

.. ..

.

.01

r

.

1).25

.

10

..

....

..-

.

.

% '

.

%,

,

..

-

.

%

.

.. .

- 30' '.

% 7.5 ':^
%.

.

.....----N

, 0.5

. .

. .
......r.

r,"

5(N-18)

.

-.

N

. :' :

OT

... .

....

.

.

..

.r

.
r .....

N - age in years over18 .

., ,,, .

,, 9
. ,

,A For design purposes only. ,

** When-the previous oclCupationpl expobure hiatory of an individual
is-not.definitely known, it shall be assumed that he has already

.-'received the full dose permitted by the formula 5(N-18).
.

'...

:2;
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o. :.Dental Unit Output.

t

# arget

kvp skin Total r/ma-

.distance min . sec

,

.

..

.

,
,

Inches
,

.

mm Al

$ 50 4 1.5 12 0.20

To '8 , 1.5 % 8.3 0.14.

7o_ '' 16, 1.5 2.1 0.03
90 . % ;8, 2.5 8.4 0..14

,--

'Exposure Distances.

Circular area around the beam when perpendicular to the table top
where occupancy is tobe'prevented. 100 mr/wk levels are given
for radiation workers and 10 mr/wk levels are given for non-radia-
tion workers.

e

Radiation workers Non-radiation
Weekly workload radius for 100. workers radius.'

mr/wk for 10 mr/wk

15004 main

1000 math

500 man

= milliamperes minutes

10 feet
7.5 feet
5 feet

feet
22.5'feet
14' feet

.
. , ., Awsk .

Wedge area of the beam in lateral radiography .in which occupaacY
is tobe prevented. 1019,mr./wk levels are given for radiation
workers and 10 mr/wk levels fornon-radiation workers.

.

yetkly workload
Radiation
gorksrs 100,

- mr/wk

. Noneradiatipn
workers 10
mr/wkmam .... mas

'

.

150

100

50
25

,

10

5

'

.

9000
6060.

3000
1500
60Q
300

'

'50

.

feet
44 feet
32 feet

.

.:

.

,

.

,

120 feet ,

105 feet
70 feet
.2 feet
44 feet
32 feet

9

66'4
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Student Performance Objectives.
1

A. Have a knowledge of -the, operation of a standard laser system
to include knowled'ad,of the componefits of a laser system.

Have a knowledgeof the hazards associated With laser use
and the RPO's:responsibi4i3ies for evaluating these hazards.

.

C. Beaware of the agencies available to aid the post RPO in his
hazard evaluation duties, anci.the procedures necessary toobtain.

their assistance.

Contents

Appendix A - Introduction to Las er -s

1

Appindix B

Appendix C

Appendix D

Appendix t

- Radiometric and Phot9thetric Terms and Units

- Cl, AR 40-46, 6 Feb 74, Control of Health Hazards from
,Lasers and Other High Intensity Light Sources

4

4
"t

- Extructs from TB Med 279, 18 Sep 74, Control, of Hazards
to Health From Laser Radiation

- Warning Signs and' Labels for -Lasers

11

4

650'
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APPi.VDIX

INTRODUCTION TO LASERS

A-1. General Information. a_ Lasers are finding
ever increasing military appliCationsprincipally for
targest acquisition and control. These lasers are
termed rangefinders, target designators and target
illuminators_ Lasers_ are_also being bed in corn:
munications, precision distance measurements,
guidance systems-, metal stiorking, ph_otography,
holography, and medicine.

b. Laser radiation should nolThe confused with
ionizing radiation (X-rays and ganimi rays) even
though laser beams with high irradiances have been

.known to produce ionization.
c. The word laser will be applied to devices using

light amplification by stimulated emission ,of
radiation 'and usually operating with an -output
wavelength of approximately 200 nm (0.2 it rn) to,
1000 ism (1mm). Most lasers operate in .the con-
tinuous wave ICW) mode,. normal pulsed mode. Q-
switched mode, or mode-locked mode.
A-2: The Nature- of Light. The word, light, as
commonly used, refers to that portion of the elec-
tromagnetic spectrum which produces a visual ef-
fect. It was first shbvi,n by James Clerk Maxwell in
1873 that lights is electromagnetic radiation which

651
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propagates at approximately 3.x 10 meters per
second. Albert Einstein later predicted that the
-velocity of light in a vacuum is constant throughout
the universe and is the, ultimate speed at which

*energy may be transmitted. Quantum mechanics.
the branch of Science dealing with atomic and
subatomic partitles, .desdribes* the smallest in-
divisible quantity of radiant energy as one photon,
The-amount of energy Qq :represented by one
photon is -determaett ity the frequency v , and
Plank's' constant, h.

Q q- = h
The frequency, v and wavelength, X ,, of light are
related by the velocity of light, c, so that knowing
one, the other may be determined by use of the
relationship.

c=1: A (2)
Man has made use of almost .the entire elec-
tromagnetic spectrum.. from zero Hertz, such as
direct current from storage batteries, to
1024, Hertz, the very hard X-rays used for non-
destructive inspection of metal .pats. Figure A-1
shows the electromagneticrfrequency, spectxtlin and-
some of its uses and properties.

4," .



THE ELECTROMAGNETIC SPECTRUM

FREQUENCY
IN HERTZ

10 °
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102-60Hz

103

10 4

10 5 --

10 6
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1051

101°
10"
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3x30-1-3x104
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3
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COMMERCIL. POWER

TELEPHONE

DIATHERMY (13.56KHz),

AM BROADCAST,.
. (5354605 KHz')

DIATHERMY (27.12
DIATHERMY (40.68
FM BROADCAST
TELEVISION BROADCAST
RADAR

INFRARED
ce

-45 VISIBLE. LIGHT

ULTRA VIOLET

1-X-RAYS
MEDICAL X-RAYS

t

(60Hz)

'MHz)
MHz).

(88.108 MHz)

OPTICAL

RADIATION

Figure X-1. The electromagnetic frequency spectrum.

A3. Production- of Light. a. Electromagnetic ra-
diation is emitted whenever a charged particle, e.g.,
an electron, gives up energy into an electric field.
This happens every time an electron drops from a
higher energy state to a lower energy state in a
molecule, atom; or ion (fig A-2).

b. In ordinary light sources, electron transitions
from higher energy states to lower energy states
occur randomly and one photon has no correlation
with another. In a laser, however, these transitions.

levels before they can mike the transitions to lower
energy levels and radiate Photons. There are hum*,
ways in which electrons can be 'raised to higher
energy levels or beccime "excited":

(1) By heating, as in the filament of an in-

candescent lamp; by collisions with other electrons,
as in a fluorescent lamp or television picturetube;

(2) By absorbing energy from photons, as in
luminescent paint on,'a watch dial.;

(3) By chemical reactions, as in a flame.'

are stimulated by photons of precisely the right , d. In addition to the familiar electronic energy

energy. The stimulated emissions occur with exactly levels, a molecule can also have energy levels arising

the same wavelength, phase, and-direction as the from the vibrational and rotational motion of the

photons' that stimulated the emissions. molecules.

c. Electrons must, be raised to higher energy '

`.-) 681
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PUMPING ENERGY

Go

C

I)

EXCITED ENERGY LEVEL

SPONTANEOUS ENERGY DECAY

METASTAILE ENERGY LIVE

STIMULATED EMISSION Of RADIATION

h

Figure Three level energy diagram, one of the

A-6. Pumping System. To raise electrons to a higher
energy level, lasers employ pumping systems (fig A-
4). These syttens pump energy into the laser,
material, increasing the number of electrons trapped
in the metastable energy level. *hen the number of -,
electrons in the metastable energy level exceeds
those in the lower level, a population inversion exists
and laser action is _possible. Several different
pumping'. systems are availableoptical, electron
collision, and chemical reaction:

a. Optical pumping uses a strong source of light,
such as a -xe9np./Lhtube or another laser (e.g., ruby
laser).

b. Electron collision pumping is' accomplished by
Passing an electric current through the hum material
or by accelerating electrons from an electron gun, to

GROUND ENERGY LEVEL

many p6ssi8le sets of energyievtls for feller action.

impact on the laser material (e.g., sHelitth-Neon
lasers).

c. Chemical pumping is based on energy released
in the making and breaking of chemical bonds (e.g.,
Hydrogen-Fluoride lasers). ,

A-7. Optical Cavity. A resonant optical cavity is
.formed by placing a mirror at each end of the laser
material so that a beam of light may be reflected
from one mirror to the other, passing back and forth
through the,laser material (fig .A.-5). Lasers are
constructed in this way so that the beam passes
through the material many times and is amplified
each time. One.of the mirrors is only partially
reflecting and pennits part of the' beam to be
transmitted out of the cavity.

6 51".3
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HIGHER ENERGY STATE

1

Figure A2. Emission of radiation by transition of an electron from a highir enemy state to a touter energy state. .

A-4. Components of a Laser. The laser has three these metestible states fro. in- ;few microsecond. to

". .basic components: °
, several milliseconds., When the medium is exposed to

a. A lasting medium the appropriate pumping energy the excited elec.

.

r
b. A pumping -system (energy source) trolls are trapped in these metastable states long

.

c. A resonant optical cavity. . ,,, . enough for a population inversion to occur, i.e.:there*

Lenses, mirrors, shutters and other accessories may are-more electrons in the excited state than in the,

' be added to the system to obtain more power, loiter state to which these 'electrons decay when

shorter pulses', or special beam shapes but only three stimulated' emission occurs. Figure A-3 .shows a

basic components are necessary for laser action.
,simplified' threelevel energy diaggam for a laser
,material. This is just one o( the many possible, .

A-5. Lasing Medium. 6 'lasing medium;' to have systems of energy, levels. Although laser action is.
: :suitable energy levels, dust have at least one excited possible with, only two energy levels, moat such
1t state ,(metastable state) Where electrons . tan be actions involve four or ,more level:

trapped, and not immediately and spontaneously . t
' dropped to lower states. Electrons may remain in

,654
. 683
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E ,

E,,----
Normal.

Population Distribution,

Es

+PUMPING

t

Inverted
Population ',Distribution

A

Figure A.4 Population inversion ococilIced by pumping electrons from a lower energy state to a higher
',new rote qr) that the higher <tate has more electrons (looker population) than the lowerstate

.

TOTACLY REFLECTING'.
FLAT MIRROR

PARTIALLY 'REFLECTIT MIRROR

TOTALLY REFLEeT1140
PRISM .

(
K

TOTALLY REFLECTING
CONFOCAL MIRROR ,

PARTIALLY REELECTING MIRROR

a

PARTIALLY REFLECTING MIRROR

(.0

'Figure A5, Three typical oaptical.cavities: Simple flat mirror system (top)). rotating prism q-switch system
Otd canfocal mirror system (bottom).

A.8. Loser Opera ion. a. -Energy is supplied to the
laser aterial by he pumping sy/stem This energy
is sto e form, of electron's trapped in
metastable energy revels. Pumping must produce a
population inversion before laser -action can take
place.

b. A population inversion exists when a higher
*energy level has more electrons (population) than a
lower energy levjel, which is contrary to natural
order. A population inversion is necessary bacatiire'
the stimulated ernisaion would be absorbed by lower
energy level electrons.

c. When a population inversion is achieved, the
spontaneous decay of a few electrons from the
metastable energy, level,to a lower energy level starts
a chain reaction. The photons emitted spontaneously
will stimulate other electrons to make the transition
from the metastable energy level to lower energy
levels, emitting photons _of precisely the Same
wavelength, phase, and direction.

d. When the photons reach the end of the laser
material they are reflected by the, endmirror back
into the material where the chain reaction continues
and the number of photons ie increased. When the

684
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photons arrive at apartially reflecting mirror, Oily a .

portion will be reflected back into the cavity and the
rest will emerge as a laser beam...
A9. Types of Lasers. Lasers are often designated by
the-type of laser material in the optical cavity.

a. Solid state lasers rnploy glass or crystalline
material (fig A6/: gas lasers employ pure gas ,or
mixtures of gases fig A.7 and A8): semiconductiir
lasers employ transistor materials (fig A-9);, liquid
lasers employ active material in a liquid splution'or-
suspension (fig A-10).

b. Solid state and liquid lasers commonly employ
optical- pumping while gas lasers usually employ

.4

ROTATING
PRISM

electron collision pumping, althopgh som,e types of
liquid and gas lasers have employed chemical-
reaction pumping. Semiconductor lasers may, be
optically pumped by another laser beam or electron'"
collision pumped by an electron beam or pre electric
current.
A-10. Modes of Opyation. a. The different modes of
operation of a laser are distinguished by the rate at
which energy is delivered\ In general, lasers
operating in the 'normal pulse mode have pulse
durations of a few tens of microseconds to a few
milliseconds. This mode of operation is sometimes
referred to as long pulse or just putsed.

.11111,

RUBY ROD

(FLASH TUBE) ;

IPOWER i
SUPPLY

L
PARTIALLY
REFLECTING
MIRROR

TOTALLY

kEFLECTING'
. MIRROR

5
Figure A -6. Schematic of

'
solid state laser with optical pumping

BREWSTER
WINDOW

PARTIALLY

REFLECTING
MIRROR

LASER BEAM

BREWSTER
77WINDOW

ELECTRODE

POWER
SUPPLY

,..,ELECTRODE

Figure A-7 Sihematic of helium-neon laser witn electron collision pumping, representative-of small gas lasers
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r
DISCHARGE

r

DC POWER-
SUPPLY

Figure A:8. Schematic of CO 2 gas transport laser (GTL)xehich is representative of a larger type of flowing-
. gas laser. A still larger type of gas laser,fFrshown) emplays a combustion chamber and supersonic

nozzles for population inversion and is known a as dyntintic laser (GDL).

Fine wire
contact

z

Semiconductor
sample
(GaAs),

V

r i/talon Om

Base of
transistor

Loser beam
L ,

(Mounting post
'Cr

Figure A9. Schematic o'f gallium-arsenide laser with "direct current (electron collision) pumping,
representativeof semiconductor or injection lasers.
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I.11111

FROM DYE RESERVOIR.

I.LASER' YE CELLI

PARTIALLY

REFLECTING

MIRROR

Figur/A-lit Schematic of liqu4

b. The quality of the optical cavity of a laser on
be changed by placing a shutter between the mirrors.
This enables the beam to be turned on and off rapidly,
and normally creates pulses with a duration of a few
tens of nanoseconds to a few tens of microseconds.
This , mode of operation is normally called Q. Q-

switched, although it-is sometimes referred to as Q-
spoiled or giant pulse. (The "Q" refers to the
resonant quality. of the optical cavity.) A laser
operating in the Q-switched mode delivers less
energy than the same laser operating in the normal
pulse mode, but the energy is delivered in a much
shorter time ,period. Thus, Q- switched lasers are
capable of delivering very high -peak powers of
seve I megawtitts or even gigawatts. Most military
lase are Q-switched with a pulse duration of 10 to,.
30 s and ale used in target acquisition and fire
control.

c. When the phases-of different frequency modes
are ,synchronized, i. e., "locked together," the
different modes will interfere with one another to
generate a beat effect., The result will be a laser'
output which is observed as regularly spaced
pulsations. Lasers operating in this fashion, mode-
locked,,usually produce trains of pulses, each having
a duration of a few pico-seconds to a , few
nanoseeonst4. A mode-locked laser can deliver higher
peak ,powers than the same later operating in- the Q-
switched mode.

d. Some lasers are able toliverate continuously.
This mode Of operation is called continuous wave or

d aye laser with optical pumping.

CW. In this mode of operation, the peak power is
equaj the average power output; that the beam
irradiance is constant with time-

e. Pulsed lasers can be operated to produce
repetitive pulses. The pulse repetition frequency of a
laser is the number of pulses which that laser
produces in a given time. Lasers are now available
with pulse.repetition frequencies,as high as several
hundreds of thousands of pulses per second. There is
an enormous variation in the pulse widths Ind pulse
repetition frequencies which,-can be generated.

"Thprefore, the specification of such pulse charac-
teristics is extremely important in any evaluation ol
the interaction of laser radiation with biologic ai

systems.

LASER BEAM

ff.

°
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RADIOMETRIC AND-PHOTOMETRIb TERMS AND 'UNITS

1. PHYSICAL TERPLENOIDGY : : :' : :

.......,-
, -

.

-in disdussing the quantitatiie'eaPects of -the bioeffects of radiant:
.

.

energy,-there arewseveral physical terns which are often-misused. There

ins an accepted standard nomenclature (Systme...International) of which the

reader should be aware. A recent iummetry. iir,radlometric ,and phOtomeVic
, .

terms, Wilts, and con4ersion factors has been prepared by Meyer-Arendt

u -(l968). In describing effects of radiant eneigy (which itself it a

standard termterm with units.of joules) upon tip+, mast investigators Itave
-

used power pr eneigy per unit area (e.g., watts/cm?- or joules /cn2) and
4

"\,

4

termed these-power density or energy density. By the Systeme Internation al,

powet or energy density refers to power or-energy per unit violume'and

not per unit area. However, for the.purpase of this-review, these terms.
.

. .

refer to power or energy per -unit area, as widely used in the literature.

4

Rather than radiant energy, the term "radiation" is preferable Unfortu-

natily, the term-"radiation" means only ionizing radiation to many. One
0 .

other term widely used to connote both energy density and power. Aensity is

"beaniintensT."-By the Systeme International, "radiant intensity" is
. .

...

powerpe; unit solid angle (watts per ster Ian) from arpoiht source.
/

Several other terms used in discussing ocu ar'hazards are explained in

the following two paragraphs.

..

The terms "lpminande" and "illuthinance" are " hotometrie terms which

sir.- .

,

are related, to the visual response of..pe eye,: whe as '"radiance" and
,...

"irradi;znbe" are "radiometric terms whl!ellhare related to absolute measure."

ments of radiation. Terms in the '.'photometrpz" sYstemaare valuable to
. N

lluminattjneengkneers +describing levels of visible light i(a given.
i

, .

'I N.

ituatton: Whareas terme in .the.rad:OMetric system ere a part of the
, !I, 4 a

I

§E18 41116

.
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711aipmetric and Photometric,- Terms and Units'

fabric of physical units and are not dependent on the response of the eye.

There are no fixed methods for translating light levls measured in one

system to sorresponding levels in the other system,. Since such fac'tors'

.

would depend upon the.apeciral'distribution of `the radiant source, i.e.,

how Bauch of the source energy is infrared and ultraviolet radiation not

visible - to the eylvand how much is in the arctral band to laichtthe eye

ie Most senaitive.
I

Tkie terms "radiance;' and "luminance" are used to describe the rate

of light or radiant energy leaving the'source per solid angle, i.e., the

"brightness" of the source. Alternatively, 'the terms "irradiance" and

"illuminance" are used to describe the leVil arriving at a given p9int

in space; i.e.;e"; level measured by 'detectorwhich.measures the number

of photons falling upon a unit area of surface: Table I provides a list

of these terms and their units.

I

1 ,
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RadiomattjC and Photometric 'Terms and Units

'1. METRIC SYSTEM/EQUIVALENT UNITS.
,

Length. `54,

.Im = 100 cm = 1,000 mm = 39.37 Inches

I cm = 0.3938 inChes; I inch = 2.54 ctrl'

I um= 10-6 meters = 10-4 an

Time.

I msec = h/I,000 second = I x 10-3 second

I usec e 1/1,000,000 second = I' x 10-6 second

I nsec = I x 10-9 second

Angle. I milliradian = 10-3 radian = .057 degree = 3.4-drc-minutes = I mil
0 4

'Solid Angle. I sr = one steradlab = I/4w sr in one sphere

I hertz - I cycle/Second

I kilohertz = 1,000 hertz = I x 103 hertz

I megahertz = 1,000,000 hertz ='1 x 106 heitz

I gigahertt - 1,000,000,000 hertz 107 hertz

EX AL SYSTEM'. For convenience in writing and manipulation, unwieldly
numberS are written as factors of appropriate powers of 10. The following

examples wail Illustrate:

'2,380,000,000 = 2.38 x 109

2.38 = 2.38 x 102

0.238 2.38 x 10-1

0.000000238 = 2.38 x.10-7

a
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.72
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For, Training Parpos es Only '

is ... . . . .

thAntit
GENERAL.

AR 40-46

1-1. Purpose. This regulation est& Pepart: examinations are accomplished on those .indi-
ment of the Anny policies, p and 'Mulls employed to work in a potentially
standards 4f5r the protection of persoRilel from ehazardous laser radiation area.
the hazards to health of optical radiation. It out- d. Lasers and other .optical sources will be
lines -procedures to be followed in tha eve'nt of a operated in such a way 'as to avoid potentially .
known or suspected overexposure of personnel to .' hazardous exposure of personnel who may be in
such radiation.
1-2. Scope. This regulation is applicable to all
commands of the Department of the Army.
1-3. Definitifins. a. Optical radiation. Electro-
magnetic radiation within the wavelength range
100 nanometers to 1 millimeter (10' nanometers)
(i.e., ultraviolet,' visible, and infrared radiation).

b. Laser. An acronym for Light Ainplification
by Stimulated Emission of Radiation. As used in
this regulation, laser denotes either the laser
radiation source, itself, or an entire system em-
bodying such a source, as appropriate.

c. Optical source' Any source of optical radia-
tion, e,g. searchlights, lasers, and electric' arcs.

d Laser protection standards. Published stand-
ards for laser exposure which will insure that
personnel will not sustain injury in the light of
existing medical 603/ledge.

e. Ocular hazard distance. The distance of the.
human eye from the operating laser or other
optical .source within which' the beam radiant
exposure or irraifince exceeds the" applicable
optical radiation frotectiob standard.

.1. Unite. Radiometric unite used shall be in
accordance with the InternitionAl System of
Units adopted by the 11th General Conferenc&on
Weights and Measures, October 1969 and the
International ,I,Aghting Vocabulary PublicatiOn
CIE No. 17 .(E-1.1) 1970, published by the
Irhernational Commission on Illuminatiort
1-4. ,Policy. a: Exposure to laser radiation shall
be controlled' to insure that individuals are not

br those- established
dardi prescribed in

subjected to levels in ex
by the Protection S
chapter 2.

b, Laser hazard assessments will be accom-
plished in accordance with +provisions of TB
MED 279.

c. Medical ^surveillance programs will be es-
sabliqhdd to insure that appropriate physical
TAGO 405A

For Training

the .vicinity .of the optical beam and within the
ocular hazard distance as determined by the US
Army Environmental Hygiene Agency (USA.
FAA)
1-5. RespqnsibiliY. Responsibility for control of
potential hazards to personnel from lasers -and
other op cal equipment.

a. The Surgeon General, Department of the
Army, is responsible for the evaluation of potential
optical radiatipn hazards to personnel operating
lasers, search tfights, and similar equipment which
generate optical radiation, that are utilized by the
Department of the Army.

(1) The Surgeon General, pursuant to AR
0-5, will evaluate for development and. design
agencies the potential health hazards of equipment
utilizing lasers and other optical source systems
and provide guidance on measures which may be
taken to avoid or prevent excessive exposure of
personnel to opticallradiation. These -evaluations
will be conducted by USAEHA.

(2)- The Surgeon dineral will evaluate plans,
upon request for the installation of laser equip-
ment and make studies of the environmental
Conditions at user sites or test facilities. '

(3) USAEHA will conduci pefiodic com-
prehensive surveys of laser installations at 4east
every 3 years. These surveys will include evalws-
tion of characteristics of laser equipment And
activities at the site which may result "in..ex-
posure of personnel, determination of. the ,

effectivenessof interlocks, eye protection,, waniing
and/or limiting devices and review of standing
operating procedures and other controls related ,
to personnel protection.

b. Agincies responsible for the development and
cleAito of laser equipment or its incorporation into
weapons control or communications systems will
insure that su equipment is evaluatbd ror
personnel exp e potential during ,the design,

4

Purposes Onl t
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AR 40-46

sileveloPmenti. !Lad testing of the equipment. The
-Surgeon General will be Aotihed in sufficient time
to provide The services .96t,ed -in paragraph a
above. Pe anent information derived from this
evaluafiCon" will be made available on request to
any major'Army commanders who have installa-

__tions or activities within, their command "which
operate such equipment.

c. Major Army conunanciers who hare, 'in-
stallations and activities under their command
which operate laser and high intensity light
source equipment are responsible "for

(1) .Disseminating to installations and
activities operating such equipment under their
command information relating' to the measures.
required for the contrqj of exposure of ,personnel.

(2,Assuring that installations and activities
operating such equipment under their command
haye in 'force adequate' programs ,as speeifipd in

d 'below for; the control of exposure of personnel.
(35 Prescribing conditions under which inter-

locks, eye protection filters and limiting and/or
warning devices installed on equipment may be
by-passed or Overridden during combat alerts,
training exercises, or ill maintenance or calibratiqn
of equipment.

d. Installation and activity commanders re-
sponsible for the operationor testing of potentially
Hazardous optical equipment will take necessary
measures to assure that--

(1) Personnel working in the vicinity of laser
equipment and high intensity optical sources 4"
informed as to the potential, personnel health
hazards associated with exposure to optical radia;
tion from the specific equipment being -used.

(2) Standing azesatirig procedures are pub-
lished and enforced, as required; concerning such
matters as the control of the positioning of optical
devices, control of the movement of personnel,
and the minimization of exposure of personnel in
the vicinity of the hazardous optical boam(s). '

c3) Protective devices are labeled and aid
only under the conditions for wine they are
designed.

(4) Appropriate areas of possible hazardous
exposure ye placarded to indicate the nature of
the hazard. The placard will be in accordance with

AR385-36. 14

(5)
4n

suspected laser radiation accidents in-
. volvingiAchiriduatexposure in excess of protection

).1

6 February 1874

standards are reported in accordance with AR,
38540. The report should include=

(a) & description of the laser installation
and circumstances leading to the exposure.

_ (b) Details of the, immediate and sub-
sequent ophthalmologic findings.

(6) Allneisonnel whnare employed to work in
a potentially hazardous laser area (paragraph
1-6a) are1, cl ded in ar,tional ion s..tvis

neral
ophthalmologic examinations before being assigned
to work with laser-producing equipment, 1 to
year intervals thereafter, and on termination of
such employment.
1-6. Medicabsurveillance.

a. Personnel to be examined.tdiyidual
whose occupation or assignmentmay result in a
significant risk of exposure to potentially haz-
ardous levels of optical radiation shall hav,e a
preplacement medical examination, a termination
of employMent examination, and be included in au
occupational vision program. The following types.
of individuals are considered in tills cake.gory.

(1) Those individuals routinely using lasers in
any RDTE effort.

(2) Certain laser equipment,. such as .tripod -
mounted, hand-held or airborne laser rangefinders,
designators, or illuminators may be determined
to present a sufficient hazard to operators and
maintenance pefsonnel that such personnel may
be required by The Surgeon General to be ex-
amined. The warning page of the technical manual
for each laser device will indicate which types of
user ormaintenapce personnel shpuld be examined

.(3) Maintenance personnel routinely working.
with laser rangefinders, P illuminators, or
designators.

(4) .0peAtors and maintenance personnel
routinely working with engineering laser transits,
geodime,ers, and alignment devices which haNe a
radiant power Output exceeding. 1 milliwatt.

b. Examination requirements. The medical ex-
amiation shall follow the proeeduires in TB :QED

, c. Examination of persOnnel known or suspected
to have been injured by lasers. Personnel who are
known or suspected to have been accide tally
exposed to levels in excess of applicable laser
protection standards shall be examined soon
as possible following such exposure. 4.41 el
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a

working with lasers or oilfr high intensity.
optical gources who complain of persistent after-
images or other visual disturbances should be
examined.
2-7. Requests; :for.aamilstoce. Requests for tech-

r

mop 'it!oXr'''

AR 40-46

nical assistance from USAEHA in evaluating
hazards from lasers and other high :intensity
optical sources should be directed through ap.
prokiate. command channels per AR' 40-4 to
HQDA (DASG-HCH), WASH DC 20314.
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APPENDIX 1)
Extracts From TB Med 279,18 stp 74
. ,

1., Introduction. a The term LASER is an acrony m
derived from Light Amplification by Stimulated
Emission of Radiation The effects of laser radia ion
are essentially the same as optical radiation
generated by more conventional ultraviolet, in-
frared, and %Amble optical sources The unique
biological implications attributed to laser radiation
are generally those resulting from the very high
beam collimation. beam intensities and
monochromaticity of many lasers., SuCh sources
differ from conventional sources of optical radiation
primarily in their ability to attain highly coherent
radiation (in Tlie increased direckional in
tensity of the optital radiation generated by a laser
results in concentrated optical beam irradiances at
considerable distances A short summary of types of
lasers and their characteristics is provided in ap-
pendix A.

b. Recent developmelnts in laser technology have
resultld in an increase in the utilization lof these

devices for military applications, both for research
and field use. Field military lasers are used prin-
.cipally for target acquisition and fire control. The
widespread use of these systems increases the
probability of personnel exposure to injurious levels
of laser radiation. Although these effects can be used
to good advantage. they are potentially hdzatdous
and adequate safeguards must be provided.

c. The evaluation of laser hazards can be highly
technical. However, in the interest of simplifying tile
task of developing range controls in the -field, this
bulletin is organized with practical guidance for this
requirement in paragraph 10 More specialized in
formation may be found in paragraphs 7, 8 and 9.
Detailed technical information for highly specialized
laser applications may be found in appendixes B, C
and D.
2. Purpose and Scope. This bulletin 'provides
guidelines for personnel protection within the
framework of currently documented experimental
evidence. The medical guidance possible is 'limited
by the biologic data available. The scope of this
bulletin encompassq the portion of the eleq
tromagnetic spectru. ni,which includes ultraviolet,
visible light, and infrared in which laser radiation

'can be produced.
3. Definitions. a. AccommodationThe ability of
the eye to change its power and thus focus for dif
ferent object distanFes.

b. Angstrom (A) A unit of measure of
wavelength equal to 10 '" meter, 0.1 nanometer; or
0 ' m icrPrn et er
c: A ItenuationT e ecrease

f any optical beam as it passes throu
's rbing and/orls'cat ring medium,

d. Beam Diameter 1151,1 --The distancq between
ametrically opposed ilointsii the crosssection

diant flux ,
Pt

gh an ab

r

4

arcular team where tilt power ter unit area is 1 e

times 137°701` that at the peak.
e. Begin Ditergence 41 Angle of beam spread

--measured in radians or milliradians (I milfiradian =
3.4 minutes of arc or approximately 1 mil) For small
angles where the chord is approximately equal to the
arc, the iturtase in the ,diameter of the beam is
numerically equal to 1,000th of the range in meters
multiplied by the number of milliradians of beam
divergence.That IS. at 1.000 meters range a beam
dil.ergence of 2 milliradians would give beam
diameter 2 meters wider than the emergent beam
diameter.

f Beam Splitter An optical device using con
trolled reflection tv produce two beams from a single
incident beam

g Closed Installation Any location where lasers
are used which will be closed to unprotected pert
sonnel during laser operation.

h Cg' Laser Continuous wave lases',, as dish
tinguished f -om a pulsed laser A laser emitting fur it
period in excess of 0.25 second.

1. Controlled Area An area where the occupancy
and activity of those within are, subject to control
and super% isiun for the purpos'"f protection from
optical radiation hazards.
j. Diffuse Reflection Takes place when different

arts of a beam ent on a surface are reflected o er
a wide range of an les.

k. Duty-CycleR io of "on time" to ,total ex
posure duration for a epetitively pulsed laser

1. Electromagnetic Radiation The propagation of
varying electric and magnetic fields througti space at
the velocity of light

m. Etnergent Beam Diametgr (a) Diameter of the
laser beam at the exit aperture of the sy stem in
centimeters (cm).

n, Inclosed Laser 'System Any laser or laser
systen located within an inclosure which does not
permit emission of hazardous optical radiation from
the inclosure.

p. Energy 1Q}. The capacity for _doing work,
Energy content is commonly.used to characterize the
output frotn pulsed lasers,,and is generally measured
in joulest(J),'

p. Exempt Power ( -exempt) and Exempt
Energy (Q-exempt)P exempt is that output power
iQ exempt that output energy/pulse) of a laser under
consideration such that no applictle protection
standard for exposure of the eye for a specified
exposure duration can be exceeded under any

ssible view'ng condition; with o without o tical
It in to ts, whether or dot the' am is foc sed,

la p C).
q. E tended Soave An ext nded sours of
iatio can be desolved Into a geo etrical ii7is e in
trast wtIth a point source of adiation, hick

ira

co

"i 6i?s
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Cannot be resol\ed into a grmetrical image. For the
purpooes of this bulletin, a%ource w hich subtends an
angle greater than Gr min (Symbols, app DI.

Gas Aoser A type of laer in which. the laser
actiontakes place in a gas medium, usually operated
as a CW

s. Hirtz (Hz)- Unit of frequency. i,e. "cycles per
second." ,

t. Infrared ,Radiation (IR)- Electromagnetic
radiation with yiavelengths which 'lie within the
range of 0.7 to 1000 irr, This region is often broken
into three spectral bands by-v.aNelength IR A (0.7-
0.78 to 1.4 urti), IR-B (1 4 am to 3 am), and 111C
(3 Am to 1 mm)

u Integrated Radiance (L 131:oduct. of the
exposure duration times the radiance. Also known as
pulsed radiance (Wscm = sr =Jcm 2'sr

t Intrabeam Vteuirig Viewing the laser source
from within the beam The beam may either be direct

1 or specularly reflected
a. Irradiance (El Radiant {tux density on a

given Surface. in units of watts-per quare-
centimeter (Wcm 2

x Jou,(J) A unit of energy (1 watt-second)
used normally irr describing a single pulsed output of
a laser, it is equal to one watt-second or 0.239
calories.

y Jou lecrn 2 J cm 2 ) -A unit of radiant
expo ,ur t used in measuring the amount of energy-
per unit area of absorbing surface or per unit-area of
a laser beam

z Lambertian.Surfore- An ideal diffuse surface
%Use emitted or reflected radiance (brightness) is
independent of the viewing angle.

as Laser- A source of intense, coherent and
direcjional optical radiation. Also, an acronym for:
light amplification by stimulated emission of
radiation. A laser usually is composed of an energy
source, a resonant cavity , and an active lasing
medium.

oh Laser Detice Either a laser or a laser system.
ac. Laser System-An assembly of electrical,

mechanical, and optical components Which includes__
a laser!.

ad Laser Controlled Area -Any area which
contains one or'more lasers and in which the activity
of personnel is subject to control and supervision.

ae. Light-Visible, radiation (400 inn to 700-780
nm) For the purposely of. this bulletih, to
wavelength's between 400 and, 700 nm.

4 of Micrometer m)- erly termed
"micron", a measure o(' Length equal to 10' 'h or
11100 nandmeters F I

ag. Nadometer (hid Unit of lirrigth equal to
10Y m or 0.001 /A m.

ah, Open Installation -Any locat On where lasers
are used whi0 will be open 11 opeflating personnel

..
crunng laser operation, and may or may 'not'
specifically restrict entry to casuals. .

ai. Optical Density, ID,:\ ) -A logarithmic ex-...
pression for the attenuation produced by an at -1/'
tenuating,medium. such as an eye protection filter.

Optical denSity;-D), = login Rioistrtl
Wheie 00 is 'the incident power and (l) [
is the transmitted powerat a specific

wavelength,x .

ai. Optically Pumped Lasers- A type of laser that
derives energy from another. light source such as a,
xenon flash lamp (coherent light sources have also
been used). . .

ak. Out put Power and Output. Ene fgy -The laser
output power, is used primarily to I-ate CW lasers
since the energy delivered per unit time remains
relatively constant (output m'easured.m watt's.). In
ccitrast, pulsed lasers deliver energy in pulses and
their effects may best be categorized by energy
output per pulse. [The:power output level of CW
Misers is usually expressed in milliwatis (mW =

pull1/1000 watt) or watts, pu , d lasers in the kilowatt
range.(kW = 1000 watts ,.-and q-switched pulsed
lasers in.thee, megawatt (MW = million watts) or
gigawatt range (GW = billion watts)j ,alsed
energy output is usually expressed m joules or
inillijoules (m.1 =-- 1/1000) per pulse.

al Point Source of Optical Radiation- Ideally, a
;clime with intnitesimiil dimensions. Practically ,443
source of radiation whose dimensions are small
compared with the viewing distance. For this guide,
a source which subtends sn -angle at the viewer less
than a.

am. Power ( )- The time rate at which energy, is i
transferred. Usually, expressed in watts (joules -per-
second).

an. PRF- Abbreviation for pulse repetition
frequency.

ao. Pulse Duration-Duration of a pulsed laser
flash, it mif be measured in terms of milliseconds
(ms= ,10-' s), microseconds ( asec = 10 -6 $ ) , or
nanoseconds (n1 t-,-- '10 9 s). The tiMe interval
betwee.zthe half-peak-power points on the leading
and traiTing edges of the pulse.

P,ap., Pulsed' Laser- A laser that delivers its
energy in short pulses. is distinct from a CW laser.
For the purpose of this bulletin a laSer which emits
for less than 0:25s.

aq. Q-Suiitched Lasii- Also known as Q-spoiled
- is a laser capable of extremely high peak powers
for very short durations (pulse dthationi of several
nanoseconds). "

1
..

kqual to
cle by a
s oi the

ar. adian-,A unit of angular me;asur
the an le subtended at the center 44f.a ci
chord hose tpngth is equal to the radi
circle. e
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One ,(1) -Radian = 57.3 Degrees
Or 2 n' Radians = 360 Degrees

, as. Radiance IL) Radiant flux (radiant power)
output per unit solid, angle per unit area
(Wsr cm 2 ): radiqmetnc brightpess.

at Radiant Energy IQ) Energy in the form of
electromagnetic waves usually- expressed in units of
joules Iwattseconds).

au. Radiant Exposure III) The total energy per
unit area incident upon a given 'surface in a green
time interval. It is used-to express exposure d
pulsed laser radiation and is commonly express
Jcm

av Radiant Flux or Radiant Pouer tt,) )
time rate of flow of radiant energy w a

lone II) watt = 1 joulper second)
aw. Radiant Intensity Radiant power in a

given directionradiant flux emitted from the

ditecuon of propagation. usually eit'p *ssed
source per unit soul angle in the

ro
Wisv .

ax. Reflectance or Reflecituity (p) The ratio of
reflected radiant flux to incident radiant flux.

ay. Repetitively Pulsed LaserA pulsed laser
with reoccurring pulsed output. The frequency of the
pulses is termed pulse repetition frequency (PRF),
Repetitmely pulsed lasers have properties similar to
CW laser; if the PRF or duty cycle is very high.

az. ScintillationIn 'laser work, this term la

frequently used to describe the, effect upon a laser
beam by atanospheric turbulence.,.

ba. Semiconductor or Infection Diode, Laser A
class of lasers which at present produce relatively
low average power outputs.

bb. Solid Angle I u 1 The ratio of the area on
the surface of a sphere to the square of the radius of
that sphere. It is expressed in steradians (sr).

be Spaiular or Regular ReflectiOn A mirror-
like reflection.

bd. Steradian (sr) The un it of measure for a
solid angle. There are 4 r steradians in a sphere.

be. Transmittance or transmissivity r ) 'the
ratio of total transmitted radiant power to total
incident radiant power.

bf. Ultraviolet radiation Electromagnetic ra-
diation 'dth wavelengths between soft X-rays and
visible, violet light. This report is often broken down
intpl'he spectral bands by wavelength: UVA(315.
400 nm), UV-B (280-315 nm, and UNitC (200-280

bg. Visible Radiation !Light) Electromagnetic
radiation which can be detected by the human eye. It

describe wa elengths which
n 00 nm an 700.780 nm. For
his bullet n, it is limited to
n 400, an 70 nm. (N4,

The uhit of power pr, radiant.

fl is commonly used
in the range Issitw
the purposes bf
wavelengths beItw

-bk. Watt (W)

ia

flux. one Joule-per-second. Used
CW lasers.

bi. Watt /cm 2
irradiance used in

(Wcm 2.*)
measuring the

per-area of absorbing surface.
lasgr beam.

b./ Wavelength 1 \) The distance between two
pints in a periodic wave which have the same phase
Is termed one wavelength. The velocity of light 13
X101" . crn sec ' ) divided by frequency (in Hz)
equals wavelength (in cm).
4. Riologic Effects. a General Laser radiation
should not 6e confused with iopaing radiation ISUchl
as ix and gamma rars) although very high
era chances have been known to produce ionization in

air and other materials. The biologic effects of laser
radiation are essentially thosd of visible. ultraviolet
or infrared radiation upon tissues However, radiant

.intensities typically produced bY;Ta-sers are of
magnitudes that could p+iously be approached
only by the sun, nuclear weapons, -burni3
magnesium. or arc lights. This is one of the
portant properties that make lasers potentially
hazardous. Laser radiation incident upon biologic

&tissue will be reflected,. transmitted, and 'or ab
sorbed. The degree to which each of these effects
occurs depends upon various properties of the tissue

.involved. Absorption is selective as in the case of
visible light. darker 'material u h as melanin or
other pigmented tissue absorbs ore energy

b. Skin. Adverse Pi mat effects resulting from
exposure of the skin t radiation from 315 run to 1
mm may vary from mi reddening (erythema) to
blistering and charring. depending upon the ex-

. posure dose rate and the dose (amount of energy)
transferred. and conduction of heat away from the
absorption site. Adverse skin effects resulting from
exposure to actinic ultraviolet radiation (200 -315

nm) vary from erythema to blistering depending
upon- the wavelength and total exposure dose

c. Eye.
(1) General. In,almost all situations the eye is

the organ most vulnerable to injury Figure 1

provides a schematic representation of 'absorption of -
electromagnetic radiation by the eye:

(a) ost higher energy X rays and gamma
rays pass com letely through the eye, with relatively
lit le absorption.

(b) Absorp on of short-ultraviolet (UV-43
a d Ifry.;;;C) and ar-infr`ared (IR-B and IRC) ra ..
d'iht4oreoccurs principally at the cornea.

(c) Near ultraviolet (UV-A) radiation is

primarily absorbed in the lens.
(d) Light is refracted at the cornea and lens

and absorbed 'at the retina; near-infrared (IR-A)
radiation is al sq refracted and is absorbed in the
oeularl media a at the retina. t I I I',

principally with

A unit of
amount of power-

or per area of a CW

.1 I, 697
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llit..Figure d Absorption of electromagnetic radiation by the eye.

(2) Light (400-700 nm) and Near - Infrared (IR
A) Radiation (700-1400 nm). Adverse laser effects
are generally believed to be limited largely to the
retina in this spectral region. The effect upon the
retina may be a temporary reaction without residual
pathologic changes. or it may be more severe with
permanent pathologic changes resulting in a per-
manent scotoma. The mildest observable reaction
may be simple reddening: as the retinal irradiance is
increased. ,lesions may occur which progress in
severity from edema to charring, with hemorrhage
and additionial tisue reaction around the lesion
liNry high exposures will cause gases to form
near the site of absorption which may disrupt the
retina and may alter the physical structure of the

%.eye. Portions of the tye other than the retina may be
selectively injured, depending upon the region where-
the greatest absorption of the specific wavelengtka
the laser energy occurs and the relative sensitivity of

issue affected. , _-

(3) Ultraviolet Radiation (200-400 nm). Actinic
ultraviolet radiation UV B and UV-C (200-315 nit),
can produce symptoms similar to those observed in
arc welders. It may cause severe acute inflammation

an UVCof. ,the eye and ,conjunctiva. U1,11,

radiatikn does not "reach) the retina Ni
radiation (UV A) s absorbed principa
which causes the I i s to fluoresce Ve
can cause corne and lenticular
significant levels

I

ar tliavioet
fy in
y hi

the lens
hi)}, coo

aci ies7 '
f UVA reach the etiti

-

(4) FarInfrared Radiation, IR-B and IR-C,
(1.4- 1000µm). Absorption of .1er-infrared radiation
produces heat with its characteristic effect on the
cornea and the lens of the eye. The 10.6 micrometer
wavelength from the carbondioxide laser is ab-
sorbed by the cornea and conjunctiva and may cause

Nkevere pain and destructive effects.
5. Medical Surveillance. a. Personnel to be
Examined. In accordance .with _AR, 40.46 an in-
dividual whose occupat or assignment may result
in a significant ris exposure to potentially
hazardous fFvels.pf ltical radiation shall have
preplacemennnedical examination, a termination of
employment examination, and other examinations
as appropriate. The following types_of individuals
are considered in this -category:

(1) Those, inclividiials routinely using medium
_power. or high_ power (app C) Imers in any RDTE
effei( where absolute protective measures are -not
feasibl,e. -

-(2)-- -Certain laser equipment, such as tripod-
mounted, hand:held or airborne laser rangefinders,
designators, or illuminators may be determined to
present,a sufficient hazard,to operators and related -
personnel that such-p soinnellmay lie req iced by7
The Sorgeon General t exaMiped. The arning

. Page of _the technical aitual for each lase device ,

Will inaicatecwhich type of use or related rsonnel_
Shbuld be PCatriinedv
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131 Maintenance personnel routinely working'
with laser rangefinders.- illuminators, and
designators.-

. (4) Operators and maintenance personnel
routinely working with medium power (apir_C)
engineering laser transits, geochmeters, and
alinement devices,.

b. Examination Requirements The medical
examination shall be performed by an
ophthalomologist, and shall include
" visual acuity with"corrmtion (if
below 20;40, check fur improvement with pin hole
or ± 0 10De spheres and 0 25D X -cyl(

1:4

(2) Dilating pupil and ex ining fundus care-
fully.

(3) Photographing or carefully, describing or
drawing any lesions seen.

(4) Performing slit lamp examination if the
individual is potentirilly exposed to infrared or
ultraviolet laser radiation.
6. Protection Standards. A complete listing of
protection standards for the maximum permissible'
exposure of the eye and skin as specified in AID 40-46
are provided in appendix A. Protection standards
commonly required for the evaluation of lasers used
in military applications are given in table 1.

%able 1- Protectic1n Standards for Typical LASERS
- ,

-

13.peif 1.0,er
i. - . - 4.

..
1...liF Was elengt h

'Exposure
Duration

.....

Protection standard
for intrabeam viewing

by the eye

. ..
bv 1.,er -RangefinderSingle Puke ltu a

Repetitively Pulsed Ruby
Laser Rangefinders and

'1)mgriators
SpglePulse Neodymium Rangefinder
Repetitively Pulkd--Nt.xidyrnium

Rangefinders and
Designators

'W Argon Lesers ,

t'W Argon Lasers
CW lf elium Nein" Lasers 'l for

Alinement. etc 1
.CW Neodymium YAG Laser
Erbium Laser Rangefinder or

Designator
Holmium Laser Itangefindr\i
('W Carbon-Dioxide Laser
('W Carbon-Monoxide Laser.

..
Single Pulse
10 Hz

20 Hz
Single Pulse
10 Hz

20 Hz
CW .
C'W
CW

('W
Single Pulse

Single Pulse
('W .

(:W
.

694 3 nm

694 3 nm

1060 nm
1060 nm

. 1060 nm
488 nm & 514.5 nm
488 rim & 514 5 nm
632 8 nm

1064 nm '
1540 nm

.
2010 nm.

s.,142 6 a m

4 7 A m

1 ns-18 s '

1 ris-18 a X

1 ns-100 As

1 ns100 as

1 nS100 A a

0 25 s
4 to 8 hrs
0.25 s
4 to 8 hrs
100 s8 hrs
I ns.1 A 5

,

'1 ns.100 ns
10 58 hrs
10 s8 hrs

5 X 10-7 J an -2 /pulse
1.6 X 10-7 -d-an -2 /pulse

l
1 1 X 10 '7 J-,cm -2 /pulse,
5 X 10-6 J an -2 /pulse
1 6 X 10-6 Jcm -2 /pulse

Li X 10-6 Jcm -2 /pulse
2 5 mW-cm -2
1 A W an -2
2 5 mW:cm -2
1 A W.CM -2
0. 5 mW.cm -2 .

1 J.cm -2 /pulse

10 -` J.cm *-2 /pulse
0,1 W.cm -2.
0.1 W cm -2

- .

7. Hazard Evaluation. a General Procedure Three
aspects of a laser application influence the total
cliazard evalcilition- and thereby influence the ap
plication of control measures

(1) The laser device's capability of injuring
personnel. A

(2) The ens ironment in which the laser is used
13) The perSonnel who .may he exposed.

A practical means for both evaluation and control of
laser radiation hazards is to first classify laser
devices according to their relative hazards and then
to specify approximate controls fol each
classification. The use of the classification method
well in.most cases preclude any requirement for laser
measurements and greatly reduce the need for
calculations. This standardized laser classification
scheme.defines aspect 1 the potential hazard of the
laser device. Aspects 2 and 3 vary with eacW laser
application and carinht be readily included in a
general classification scheme. The total . hazard

I '

evaluation procedure must consider all three aspects,
although in most cases only aspect 1 influences the
control measures which are applicable.

b. Laser and Laser System Hazard Classification
Scheme.

(1) The five hazard classifications are defined by
the laser output parameter and are specified in
detail in appendix C. The general classification
scheme with general hazar control concepts is as
follows: .- .

(a) Class IExempt (EL) laser devices are .
those not capable of emitting hazardous laser
radiation under any operating or viewing condition.

(b) Class IILow power (LP) laser devices

Oare those CW visible (400-700nm) laser devices
, i 1having a total power between 0.4 eW and 1 mW.

1Precautions are equired only to prevent continuous
intonto the ect beam, momentary ( <0.25 sec)

exposure as would cur ill an unintentional viewing
Situation is hot considered hazardous.
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(c) 'Class III Medium power (MP) laser
devices are potentially hazardous if the direct beam
is viewed by the unprotected eye, but do not (unless
focused) cause hazardous diffuse refleCtions. Care is
required to prevent intrabearn viewing and control
specular reflections; M9st military laser rangefinders
and designators fall into this category.

(d) Class IVHigh power (HP) lasers are
those pulsed visible lasers capable of producing
diffuse reflections or fire and skis hazards, or those

o CW .lasers. with an output above 0.5 W. Safety
precautions associated with , high power lasers,.
generally consist of using,dour interlocks to prevent
exposure to unauthorized or transient personnel,.
entering the laser facility. the, use of baffles to
terminate the primary and secondary beams, and the
wearing of protective ey ew ear and clothing by
personnel. )

(e) Class V Enclosed Laser (ES) As the
name implies, the laser is enclosed such that
potentially hazardous optical iachation does not exit
from the enclosure.

(2) This classification scheme is identical to
that used in American National Standards Instatote
"ANSI-Z-136, Safe. Use of Lasers, 1973." This
classification may already appear on commercial
laser products manufactured subsequent to the
adoption &that standard and should be used unless
the laser is modified to signify change its output

.power or energy, or unless the laser is enclosed.
c. Environment. Following laser /system

classification, envtonmental factors require con-
sideration. Their importance in the total hazard
evaluation depends upon the laser classification. The
decision to employ additional hazard controls not
specifically requi . szragra--8 for class II an
c ; -er '°s bends rarizelv_on en.

\ viromnenia1 con- . erations. The prolif bility of
personnel exposure to hazardous laser radiation
must be considered and is influenced by whether the
laser is usttd indoors, such as. in a machine shop, in a
classroom, in a research labOratory, or a factory
production lihe, or outdoors, such as. on a range, in
the atmosphere above occupied areas, or in a pipeline
construction trench. Other em,ironmental hazards
(Para 9) must -be considered. If exposure of un-
protected personnel to the primary or specularly
reflected beam is expected, calculations or
measurements of either irradiance or radiant ex-
posure of the primary or specularly reflected beam. ,

(or radiance of an extended source laser) aC that
.! spec* location are I required. These detpitvd

procedu s are discussed in appendiX D. r . 1
II) naoor laser operations. in general only the

laser de ice clks ification isiconlidered in evaluating!
I
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an indoor laser operation if the beim is enclosed or is
operated in a controlled area. The following step -by-
step procedure is recommended for evaluation of
bass III lasers indoors %Oen this is necessary (sinCe
there is a potential exposure of utiProtected per-
sonnel with this particular class of laser devices).

STEP 1. Determine the hazardous beam
pat fi(s) .

STEP 2. 'Determine extent of hazardous
specular reflection, as from lens surfaces and beam
splitters (app D.).

STEP 3. Determine the extent of hazardous
diffu reflections if the emergent laser beam is
focugd.

STEP 4. DeterMine is other (non-laser)
hazards exist (para,9)_

(2) Outdoor losir operations over extended
distances. The total hazard evaludion of a particular
lbser system depends on defining the extent of
several potentially hazardous conditions. This may
be done in a stepbystep manner as follo*s:

STEP 1. Determine- the nominal hazardous
range of the laser (app D). The nominal hazardous
range of standard lasers is established by the US
Army Environmental Hygiene Agency.

STEP 2. Evaluate potential hazards from
specular surface reflections, such as those from
windows an mirrors in vehicles. Flat surfaces
present the greatest roblem since specular
reflections retain the :h Ilimation,of the original
laser beam (fig 2 an 3).

STEP. 3. Determine whether hazardous
diffuse reflections exist if the laser is operating in the
400-1400 nm band (table 2 app B and example 9, app'
D).

STEP 4. Evaluate the stability of the laser
platform to determine the extent of lateral range
control and the lateral constraints that should be
placed upon the beam traverse. Evaluate need for
control of evaluation angle.

STEP 5. Determine the likelihood of per-
sonnel being present in the area of the laser beam."

0(3) Personnel. The individuals who may be
the vicinity of a laser and its emitted beam(s) can
influence the decision to adopt additional control
measures not specifically required for the class of
laser being employed. This depends upon the
classification of the laser device.

FIRST. If children or others unable to read
and/or understand warping labels may be exposed to
potentially hazardous laser radiation, t e haiard
evaluation is ffected, and contro meas res Could
require appro riate modification.

kermai.1.
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SECOND. The type of personnel influences
the total hazard evaluation (principal'y with the use
of class, III, Medium Power Lasers),It shall-6e kept
in mind for laser rangefinder, designators and some
class III lasers used in construction, that the
principle hazard control rests untlt the operator not
to aim the laser at personnel or' flat mirror-like
surfaces.
The following are considerations regarding personnel
who may be exposed:

FIRST. Maturity and general level of training.
and experience of laser user(K (h.e., trainees, ex
perienced soldiers, scientists).

SECOND. sJeness of onloaer teat
potentially haze do laser radiation ,array;' be
present, and the r 1, owledge of ,relevant safety
prections.

THIRD. De irE.4 o training in laser safety of
all indivi olve the laser operation.

nd of water or horizontal flat glass on range,

FOURtH. Reliability of individuals to wear
eye protection, if. required.

FIFTH. Laser exposure that may be in-
tentional for the application.

SIXTH. Number and Vocation of individuals
relative to the peimary beam or reflections, and
probability of accidental exposure.,
8. General Haz'ard Controls .For Law Radiation.
a. Hazard' controls vary depending on the type..of
laser being used and the manner of its use. Mcist
control measures depend upon the laser classification
as specified in appendix C. In gerwral, a clasg I laser
device is one that is considered to be incapable of
producing datriagilig optical radiation levels and is,
therefore, exempt from any ,control measures or
other forms of surveillance. Al class II Laser.device
may be viewed directly, but most have a' cautionary
label affixed to the devi e arning against con-
tinuous intrabeam win (saring into the beaI m).
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A class III. medium power lasdr device requires
-control - measures that shall prevent intrabeam
viewing. A class. IV High Power Laser Device
requires the use -of controls which shall prevent
exposure, of the eye and skin to the. dire& and, dif
fusely reflected beam and the termination of the
unused beam (s) by fire-resistant backstops. Classy
Enclosed Laser Devices are either class II, class III
or dais IV lasers contained in a protective housing
and operated in such a manner, as to be incapable of
emitting hazarch5lis radiation frcim, the enclosure.
Only a stringent control system permits a laser to
qualify as class V.

b. It must be remembered that the classification
scheme given in paragraph 7b relates specifically to
the laser device itself and its potential tiazard, based
on operating characteristics. However, the en-
vironment and conditions under which the laser is
used . the safety training.of persons using the laser
and other environmental and personnel factors, may
play a role in determining the full extent of hazard
control measures. Since such situations will require
infotmed judgeMents by responsibIe'persons, rnpjpr
responsibility for such judgements should be
assigned to a qualified person, .namely a Laser
Safety Officer. Only properly indoctrinated persons
shall be designated Laser Safety Officers Or be
placed in charge of a-ass III and IV laser in-
stallations or operations The complete enclosure of a
laser beam' an enclosed laser) shall be used when
fallible. A closed installation provides the nexi most
desirable hazard control measure. Following are
details relating to safe laser qperation in.

(1) An outdoor environment where adminis-
trative controls often provide the only reasonable.;
approach.

" (2) An indoor environment where engineering
controls should play the greatest role. ,

c. Outdoor Laser Installations.
(1) Class II low power taler devices. The beam

should be terminated where readily feasible at the
end of the useful beam path and the laser should not
be directed at personnel who are not cognizant of
their illumination.

(2) Clgss I11 and IV lasers.
(a) Personnel shall be extruded froni the

beam path at all points where the beam irradiance or
radiant exposure exceed the appropriate Protection
Standard. This shall be accomplished by the use of
physical barriers, administrative controls, the use of
interlocks and by limiting the beam traverse.

(b) The tracking of mintarget vehicular
traffic or aircraft, whether intentional or inad-
vertent, shall be prohibited within ,the calculated
hazardous distances of class III or IV lasers.

(c) The beam path(s) shall be cleared of all
flat specular surfaces capable of producing reflec-
tions that as% potentially hazardous, or eye

,
protection should be required for all personnel within
the hazardoul area.

(d) Paragraphs .,10 and -11 pro -vide detailed
guidance applicable to range control of laser
rangefinders, illuminators and designators.

(3) Class IV laser. Operation of class IV High
Power User Devices while it is raining or snowing or
%hen there is dust or`fog in the air should be avoided
without the wearing of 1Uel protective eyewear by
personnel within the immediate vicinity 9f the beam.

d. Indoor Laser Installations.
(1) Class IV,Iigh Power-Laser InstallatiOns=

Sikcifid,Preeautions. Pulsed clds IV visible and IR-
A lasers are hazardOui to the.eye from direct_beam-
viewing and from specular and diffuse reflections of
the laser beam, and are generally also hazardous to
the skin. Class IV ultraviolet, infrared, and CW
visible lasers present a potential fire and skin
hazard. Safety precautions associated with high
power~ lads generally consist of using door in-
terlocks to prevent exposure to unauthorized` or
transient Personnel entering the controlled facility,
the use of baffles to terminate the primary and
secondary beams, and the wearing o,f protective
eyewear and clothing by peisonnel within" the. in-

- terlocked facility. _ _

(a) Safety interlocks at the entrance of the
laser facility shall be so constructed ,..that
unauthorized or transient .personnel shall be denied
access to the facility while the laser, is capable of
operating.

-

(b) Laser electronic-firing systems for. pulsed
lasers shall be so designed that accidental pulsing of ',
a stored charge is avoided. The firing circuit design
,should incorporate a "Fail-safe system in "this,
regard.

(c) An alarm system including a muted sound
and/or warning lights (visible through laser
protective eyewear) and- a countdown procedure
should be used once the capacitor banks begin to
Charge.

(d) Good room illumination is importarit ,in
areas where laser eye protection is required. Light
colored,- diffuse surfaces, in the room help-to achieve
this condition.

(e) Very hie\ energy or high power lasers
should be operated by remote control firing with,
television monitoring, if feasible. This eliminates the
need for personnel to be physically present in the
same room. The enclosure of the laser, the associated
beam", and the target in a light-tight box is an
equivalent alternative.

(f) The principal hazard associated with high
power CW infitred (such as CO2 -Ni , 1 lasers Is the
fire hazard. A sufficient thickness of earth, firebrick,
or asbestos should be provided as, a backstop for the
beam.
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(g) Reflections of far-infrared laser lxiams
should be attenuated by enclosure of the beanj apd
target area or by eyewear constructed of a material,
such as Plexiglass which is opaque to ailtser.::
wavelengths beyond 3Am. Even dull metal gurraceli
may be highly specular at far-infrared laser
wavelengths such as 10.6µm (CO2 laier).

(2) Specific precautions. applicable' to clips in
medium power CW or pulsed laser systems. These
lasers are potentially hazardous-if the direct beam is
viewed by the unprotected eye. Care is required to
prevent direct beam viewing and control specular
,reflections:Eye protection is requificf Wircildental
intra=befun viewing is possible.

9
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9 Recognition Of Associated Hazards. Depending
on the type of laser used. associated hazards in
volved in laser operations may include.. -

a A. 4mospheric Contamination. Adequate
ventilation, or enclosures -shall be employed to
control:

(1) Vaporized target material from high energy
cutting. drilling, and welding operation. Materials
involved ma? include 'carbon monoxide, carbon
dioxide, ozone, lead, mercury, and other metals.

4g,) Gases from flowing gas lasers or byproducts
of laser reactions such as bromine, chlorine.
hydrogen cyanideand many' others Ozdne created
by laser-produced plasma.

13) Gases or vapors from cryogenic coolants.
14) Vaporized biological target materials from

high "energy lasers used in biological or medical
applications.

Otroviolet Radiation Either direct or reflected
UV radiation from flash lamps and CW laser
discharge tubes shall be shielded Ultraviolet
radiation is generally only of concern when quartz
tubing is used. Personnel shall not be exposed to
levels of ultraviolet radiation in excess of protection

- standards given in AR 40-46. -

c Visible pad Near-Infrared Radiation. High
intensity optical pumping systems may present a
potential retinal hazard and should be shielded.

d Electrical Hazards The potential for electrical
shock is Present in most laser systems. Pulsed lasers
utilize capacitor banks for energy storage and CW
lasers*generally)ave high voltage direct current or

' radiofreqqency electrical power supplies. Solid
conductor grounding rods (connected first to- a
rrhalje shall be utili-za- tr-drarge,
potentially live circuit points prior to maintenance.
Maintenance personnel shall familiarize theinsWes
with- the safety procedures prov",ided in the main- ,

.tenance manual for the device.
e Cryogenic Coolants, Cryogenic. coolantS' may

'cause ,skin or eye injury if improperlyt used.
Fxamples are: liquid riitrogen,Iiquid^helium': liquid

.hydrogen.
f Other Hazards The potential for explosions at,

capacitor banks or optical primp systems erdsts
during theOperatiori of.some high noisier lasers or
laser systems: The, possibility of. flying particles -

from, targei areas in, laser cutting, drilling, and
welding operations may-exist ,Explosive reactions of
cheMical laser -reactants or other gabes used Ivithin
certain laser laboratories is Of concern in some cases.
,g',X rays 'X rays may be generated from high

,voltage (over 15 kV) power supply tubes. Adequate
shielding shall.'be""employed. ,

10 Simplified Range Control Measirieis for TYpical
Operations of Laser Range finders,besignators and
Illuminato"rs a Limitations The guidance proxided

ideals with range operations in which, the laser

rangefinder designator or illumurator is aircraft-or
vehicle-mOunted. tripod- mounted or hand-held and
has a hazaidous range of at least 1 km. Because of
the varied characteristics of laser systems in use.
these guidelines should not be applied to laser
systems other than those having a beam divergence
of .1° (17 milliradians) or less.

b. 'Background.
(1) The,laser system except for its inability to

penetrate targets can be treated like a directfire.
line-of-sight weapon. such as a rifle or Macfeunegun.
,Thus, the hazard control precautions taken with
respect to those types of weapon will provide most

- aspects of the safe environment required for laser
use. Special 'control measures for laser use are
discussed below.

(2) The hazard from these types of laser devices
is limited to exposure to the unprotected- eye of
individuals within the direct layr beam or a laser
beam reflected from specular (mirror-like) surfaces.
Serious eye damage with perrnanentimpairment of
vision can result to unprotected personnel exposed to
the laser. beam. .

(3) Essentially, the laser beam travels in a
straight line. ,so it is _necessary. to provide a
bacicstop. such as a bill behind tie target during
laser firing4Calculafesd, nominal hazardous ranges
often extend even beyond 8 kilotneters., and the use
of optical yiewing.instruments within the beam could
extend this hazardous range considerably, For this
reason. and because of, atroospheric effect's upon the
beam, the designation of a§ingie '',hazardous range"
for firing range safetY purposes i3 not feasible for
most testing and_ opining purposes. . ,

14 very o sect t tit aser beam strikes will
reflect some,enerd. bacit toward the 41aser. In, most
cases,' this energy is a diffuse refle4ion, and iOnot
hazardous. howevdr, certain shiny reflecting_siir-
'faces. must be avoided as targets to prevent
hazardous amount of radiationfrom being, reflected.
Tliese conditiove are described ih succeeding sub'.
paragraph's. ,

c. ;Las Range Splay Officer.' A personfarniliarf--".-,.
with the range control procedures required for'daser
operations is' termed in, this bulletin Ithe "Laser
Range Safety Office" (LRSO). 'The ;ASO is
.responsible for the following! .

(11 The LRSO will thoroughly; instruct ar ,
personnel authorized to participate in 'the, laser 4.

"operation regarding safety precautions 'to be 6,:
f011owed. This instruction shOuld be of such spite as
to alleviate any fears generated' by a lea of
cnowledgg that may be harbored by..particip.ating,

personnel:
.

(2) The IltS0 will insure that safe standing
onerating protedurep are implemented and 'will
establish target, arias with buffer zoneaat least 2 to 5 .

,mils around the- target area as defined by the ,

I
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greatest laserto-target distance. The LRSO will
provide adequate surveillance of the target area to
insure that no unauthorized personnel enter that
area. He will insure that communication with per
sonnet in the target area is maintained to insure that
-protective eyewear is worn as "'i-equirtIti during
operation. Any break in co nications will
automatically terminate laser ope n.

431 The LRSO is responsibl "AA reporting
immediately any case of suspected ove*exposure of
the eye to laser radiation to the installation surgeon
so that an eye examination can be performed within
24 hours of the exposure.
. d. Laser Operator. The laser operatc:r wilt fire
only at designated targets which are diffuse
reflectors, and will at no -time fire at specular sur-
faces, such as glass, mirrors. windows, etc. This
constraint can be met by removing, covering or
painting specular surfaces on vehicles.

n Eye Protection. Those who must be in tie
target area, such as moving, target operators or test
personnel; shall wear laser protective eye-wear with
aimed protective lenses during laser firing. Such
eyewear must be approved for the specific model of
User device being fired. A laser filter .designed for
protection against' one type of laser may not protect
against harm from ano9her.

. f. Inclement Weather and Night Operations. No
precautions other than as previously stated in
paragraph 10 are required at night, or during rain,
snow or fog.

g. -Operation Outside of Range Area. The laser
system will not be operated or experimented with
when removed from its mount, such as a tripod or
vehicle unless specifically authorized by .the ap-
propriate maintenance manual.

h. Beam Termination. During laser operations no
portion of the laser beam will extend beyond the
controlled target area. This will be done by con-
struction of the target or choosing a natural target,
the-size of which willintercept the laser beam and
provide fin-additiopal buffer zone. Targets will be
lixated in xich 'a ,manner that they have a

geographicaf backstop, i.e., a mountain or the
ground.

i. Buffer Zone. The extent of the buffer zone
depends upon the aiming accuracy of the laser
device.,. The aiming accuracy of the laser device
depends upon whether the laser is mounted on a
stable platform, i. e., a static base that cannot be
easily moved by someonejarring it (e. g., heavy-
duty tripod, static tank, reinforced bench mount) or
an unstable platform (e.g., light tripod, hand grip,
moving tank or aircraft). The stable platform
generally requires only 2 mil buffer zones, whereas,
the unstable platform.generally requires 5 mil buffer
zones. For moving platforms withotiA, gyro -

- stabilization, 10 mil buffer zones may be 'Squired.
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Optical Viewing. The use of optical devices to
observe the target during laser operation will not be
permitted unless flat specular surfaces have been
removed from the target area or unless appropriate
laser safety filters are placed in the optical train of
the binocular or telescope.

k. Countdown. A countdown is not required prior
to firing in a range environment The use of range
flags during firing serves the purpose of notifying
personnel that laser firing or live firing is in
progress. Radio communication with personnel
downrange in the target area must be provided
during laser operation to insure that eye protection is
being worn by such personnel.

1. Standing Snou, and Water. Hazardous specular
reflections from standing snow or water do not
present a hazardous situation to ground personnel
not located along the azimuth of the beam path.
These reflections do not present a hazard to per-
sonnel in aircraft outside of the restricted air spice
above the range.

m. Warning Signs. Evaluation of each an-,
ticipated operating condition should include con
sideration and development of pi-ocedures for in-
suring proper placing of warning sign's for that
operation. Local standing operating procedures
should provide for the placement of temporary or
permanent signs during such periods of operation
The symbol is red with black lettering on White
background.

n. Ground Laser SystemsSpecific Guidance
(1) No unprotected personnel will be permitted

-- iriThe Triter tar
danger area- diagram (fig 4) for the range as would
be utilized for a live fire weapon (e. g., AR 385.63).

(2) The laser device will be fired only on ranges
that have been established as laser ranges If the
laser system is`to be used on a non-live-firing range,
Area B may be omitted from the surface danger area
diagram.

(3) The laser device will not be used in two-
sided tactical excercises unless all personnel ae
equipped with. appropriate laser eye protection

(4) For laser firings, the dimensions of the
target and impact areas created by the direct-fire

,weapon safety requirements (e. g., AR 385-63) must
be extended by an additional zone, area C of figure 4.
Area C can be shortened or eliminated by the use of a
suitable backstop located beyond the targets
(targets will be suitably placed below the horizon of
the backstop, fig 5). To prevent the need for control
of airspace to the nominal hazardous range (typically
5 'to 20 kilometers), the laser should only be fired
from a static,position when it is pointed more than 2
mils below the backstop horizon or fired from a
moving vehicle when it is pointed more than. 5 mils
below the backstop horizon.

: t:
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15) Biyricades and warning. signs used to
Prevent personnel from entering a weapon-firing area
will also be used for that same purpose in con-

junction with laser firing. The additional
requirements posed by the hiier in this regard are to
mark extended range areas (area C) if one is
required, and to prOvide notice (fig 5) at the entrance
to the range that laser operations are being con-.
ducted.

16) Flat mirror-like objects having a vertical or
near-vertical surface must be removed: from the
target area between 0 laid 1000 meters from the
firing point farthest downrange to prevent eye injury
from a reflected laser beam. Generally, those sur
faces in which a reflected image can be ovserved
should be removed, but the object may be covered or
painted with lusterless paint if it cannot be removed.
Flat minor-like-objects in the sense of this provision
are:

la) Mirrors.
lb) ChrOme-pleited metal.
lc) Panes of glass or plastic (e. g.,.Lucite or

Plexiglass).
17) Beyond, 1000 meters range, only clearly

visible reflective objects need to be removed if the.
beam divergence is leas than 0.6 milliradian.
However, the laser range finder should not be in-
tentionally fired at highly reflective surfaces at any
range. 4.

.$

.

PP The target material may be ,of any surface
that does not meet the description in f (6) above.
Cloth, cardboard, wood and lusterless metal of any
size and color are acceptable as targets for laser
firing.

(9) To prevent potentiarhazards to unprotected
personnel from diffuse reflections, some laser devices,
should not be fired at any surface. located within a
range of 10'meters from the laser. Precautions such
a.r the removal of brush and trees necessary" to
preveni'.this should be taken.

(10) The filters and protective goggles that
have been developed for use with lasers are ript
required for training exercises when all 'personnel
outside of the target area comply with the provisions
of this bulletin. Persons who must be jfi the target
area must wear laser protective eyewear with curved
protective lenses.

(11) ,An ,opaque dust cover or ballistic cover
shall be in place whenever the lass device is removed
from the range.

o. Laser, Operations from Aircraft. These
guidelines apply to operation of airborne .laser
rangefinder and dbsignato ed at ground targets
which can cause ocullir njury to ground personnel
observing the laser,,,,a directly, or indirectly by
specular reflection, a most operational altitudes'.

(1) It is gen.eral y desirable to clear the target
area of flat specular surfaces. The pilot of the aircraft

678 -
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assigned to fly the firing area will be instructed to
visually check for possible specular items before
laser operation by noting the location of standing
water and the position °five/licks and buildings
which may contain glass.

(2) Laser protective eyewear with curved filter
lenses will be made available fdr personnel required
to be in the vicinity of the target area during laser
operation. The safety goggles will provide an optical
density appropgate for the operation at the laser
wavelength_ For devices hiving an output_energy
pulse less thari0 1 joule. an optical'density of six is
adequate,

(3) The use of laser eye protection by air crew
personnel v. hich reduces vision shall be discouraged.
other hazard tontfols should be utilized instead.

(41 The installation surgeon will be notified
prior to lakr operations so that personnel required to
receive a thorough ophthalmological examination
prior to working with the laser, as outlined in
paragraph 5. can receive such examinations.

15) The flight crew will take all precautions to
insure that the laser is fired only at designated
targets.

(6) All ground personnel must be instructed to
assume that the laser is in operation at all times
whenever the aircraft is 'firing on targets or is above
an active range.

17) The officer in charge or operator will insure
that the laser systbmis secured aid unable to fire
wheh the aircraft is in some location other than an
authorized firing site.

(8) The Laser Range Safety Officer and local sir
traffic control will assure that adequate danger zones
are established and that strict control of traffic is
maintained as necessary. Normally, a Range Control
Office is responsible for coordinating the mission
with other activities within the laser operational area
and for furnishing all required information to control
tower operators and unauthorized ground
stations associated with the mission. The LRSO is
responsible for thoroughly briefing all pilots prior to
their engaginf in any mission within- the danger

area, the briefing to include geography of the area.
access and exit routes. limits of flight pattern, radio
frequencies to Fe employed and applicable local
procedures. Whenever practicable. each pilot
assigned to, a training amission will make a dry run
-pfrof to the mission in order to become acquainted
with the prescribed coursaitnii,the test area.

19) Do not initiate laser operation at ranges
where a 5 mil buffer zone will not exist on all sides of
the target within the government controlled
property area.

p. Hangar, garage, and Maintenance Shop
Procedures.

111 All testing performed in shop areas will be
strictireontrolled with barriers and signs.

12/ Firing of the laser in shop areas should be
into a lighttight box expressly desired to contain
all of the laser...output where feasible.

13) The maintenance bfficer wiImsure ale the
number of operating personnel on the site for testing
does not exceed that necessary to accomplish the
task sefely.and efficiently. Transient personnel are
restricted to those having ad official interest in the
test and must be cleared by the maintenance officer.

(4) Check tests requiring laser operation over
an extended distance (i.e., 100 m to 1000 m) may be
conducted in occupied areas only under strict
controls to insure that the beam can only travel
along a tightly controlled path defined by abeam
aperture located at 1 m and 10 m from the laser (fig
6).
11. Personnel Protective Equipment, a. Personnel
whose occupation or assignment require exposure to
laser beams should be furnished through local
procurement supply channels suitable laser safety
goggles which will protect for the specific
wavelength of the laser and be, of optical density
(O.D.) adequate for the energy involved. Tablet lists
the maximum power, energy, irradiance or radiant
exposure for which adequate protection isafforded
by filters of optical densities from 1 through 8. Eye
protection should have curved lenses to reduce
specular reflection hazards.'
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bVNeedless exposure of the skin of personnel
should be avoided. When the hands or other parts of
the body must be exposed to potentially hazardous
levels, protective coverings, gloves, or shields shall
be used..The face should be turned away from the
target area. Laser welding and cutting facilities
shouldhave sufficient shielding_ surrounding__the
article being welded.

c. Impervious, quick removal gloves, face shields,
and safety glasses should be provided as protection
for personnel who handle the extremely low tem-
perature coolants which may be used in higher
powered lasers.
12. Ref:meats for Technical Assistance and Accident
Reporting. The Surgeon General, Department of the
Army, is responsible for evaluating potential health
hazards to personnel operating, testing, or otherwise
associated with lasers. Activities', should request
assistance in evaluating these hazards from:

t

0

I

a. Accident Reporting. Accident reporting should
be in accordance with AR 385.40, chapter 11.

b. Technical Assistance. The services of the US
Army /Environmental Hygiene- Agency, Aberdeen
Proving Ground, MD 21010, are available upon
written request (through appropriate commaixts....
channels) to Commander, US Army Health Services
Command, ATTN: HSC-PAH, Pt Sam Houston,
TX 78234.

c. Biological Data. The USAMRDC/AMC Joint
Laser Safety Team, Piankfort Arsenal, con-
ducts research and development to obtain data on
the bio-medical effects of laser radiation. Biological
iesearch data required for the safety evaluation of
new typos of lasers is available to development
agencies upon written request to: Chief,
USAMRDC/AMC Joint Laser Safety Team, W-
1000, Fi*nkfort Arsenal, PA 19137.

.
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APPENDIX E

WARNING SIGNS AND LABELS FOL,LASERS
,

1. SCOPE The-guidanceprovided la based up n thlaser classi fication
system.

2. GENERAL. Warning signs shall be cOnspiCuously posted at access
points to potentially hazardous laser areas in accordance with local standing
operating procedures for Class III medium and Class IV high power lasers.
A warning label shall be prominently affixed to the,laser or laser
system housing 'for all Class LI low, Class III medium,.and Class IV high
power faser devices. '

3. FORMAT. Examples of various laser signs and labels are shown in
figuria,s 1 through 6. Warning signs and labels shall use the word "CAUTION"
for Class II low power laser devices and Class LIIA medium power CW
visible lasers having a maximum erneligent beam irradiance of 2.5 mW /cm
averaged over a 7mm aperture and in output power between 1 and 5 mW.
Warning signs and labels shall use the'word "DANGER" for Class IIIB medium
and Class IV high power laser devices except as noted above. Warning signs
and labels sikould include other pertinent information including the type
of laser and appropriate control measures to insure personnel safety.

*-
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Yellow

A . .

\ Black
Symbol

DO' NOT STARE

DIRECTLY INTO BEAM

Black

Black
Letterint

Figure 1. Example of Warning 'Label for a Class II'Low Power Laser Device.

co./

CAUTION
He-iNe LASER

DO NOT STARE INTO BEAM
OR VIEW DIRECTLY WITH

OPTICAL INSTRUMENTS

Figure 2t Example of Warning Label for, a Class IIIA
Medium Power Laser ,Device.
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White
Letters

white.

_)_ 2,1 L. L elt k

Red
.Scymb61

HeNe LASER

DO NOT LOOK INTO BEAM

OR POINT AT MIRROR-LIKE

SURFACES

VO

Red
B lacti:

4

Fidure 3. Example of Warning Label for Class III B Medium or
Class IV High PoWer Later Devices.

RUBY LASER.-

DO NOT LOOK INTO. BEAM

OR POINT' AT MIRROR-LIKE

SURFACES

Black
Lett r.

Figure 4. Example of Warning Label fqr Class III B Meditim or Class IV
High Pdcver Laser Devices.
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White

Rid
Symbol

DO NOT LOOK INTO BEAM
OR POINT AT MIRROR-LIKE

SURFACES

It

Figure 5. Example of Warning Label for 'Class 111 B Medium or
Class IV High Power Laser Devi Ces.

Red

'Black

10 Inchet-,

CO 2 LASER

KNOCK BEFORE ENTERIN

14 inches'

Figure b. Example of Warning Sign for a Class III B Medium
or Class IV High Power Laser Devices.
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DF460, MICROWAVE RADIATION AND SA'ETYIROCEDUREe.

MICROWAVE RADIATION AND SAFFIY PROCEDURES .

I. References and Discudsion:

References:

1. AR 40-583, Control of Potential Hazards to Health from
Microwave Energy.

-2. TB MED 270, Control of Hazards to Health from Microwave
Radiation.

3. Course Manual, Laser and MicroWave Hazards, US Army Environ-
mental Hygiene Agency,'/V.PG-EA 21005. i

B. Discu'asion:

1. ' General. '

a. Electromagnetic radiation having a wavelength-in-the micro-
, va1a region, 1 meter, -to 1 millimeter, with correspond-

ing frequencies 30-300,000 MHz (megacycles/second).

b. Biological effects are different from ionizing radiation.
Microwave radiation As similar to'infrared radiation in
that it causes heating of the skin and underlying tissue.
There is no genetic carryover.

c. . Sources.

Radars, lasers, os alators, microwave ovens, and other
equipment emitting radiation in the microwave region of
the spectrum.

4
.2. Nature of MicrowwietRadiation.

a. Existing radar systems, lasers, oscillators, e.g., klygtron
tube, microwave ovens, utilize the portion of thealectro-
magnetic spectrum included within the approicimate frequen-
cies of 100 - 100,000 MHz. In its proper Place in the electro-,
magnetic 'spectrum, the "microwave" region is located between
infrared (106 Milt) and VHF radio (10 MHz)-regions.

689
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b. It is far removed in frequency from the ionizing, radiation
class of X-rays (1010 MHz) and gamma rays (1013 MHz).
Consequently, microwave radiation has never been observed
to cause ionization and is classified as "non-ionia&ne

radiation. ,

c. An important consideration is the combined effects of heat-
ing and penetratibn on a biological system such as the

Inman body. Microwave radiation produces electrical and
magnetic forces and generates heat. The heat and for es

may, if sufficiently_intense, have profound effec .

Although these effects can be used to good advantage, they,
are potentially dangerous and must be given careful con-

hideration.

3. Biological Aspects.

Microwave radiation does. not cause,ionization, but causes.
'excitation of atoms with resultant production of heat. The

depth of heating is frequency-dependent: Refer-to Table I.

b. Biological experimentation indicateh h temperature rise
when heating is prOduced,by sufficient absorption of micro-

wave energy. The rate of temperature rise is dependent

, upon the quantity of the, absorbed radiationand the ability.

of the experimental animal to'dissipate heat. As the animal

reaches a point where it7can.no longer compensate for and

dissipate the neat generated, the Animal will,die if
radiation is continued. If the radiation ceases before the

heat control mechanism breaks down; the animal will recover

with no demonstrable residual effects. A similar sequence

can occur in man but there is no assurance that the values

for animals will apply to man due to the difference in heat

control mechanism's.

c. Man has a much more complex and efficient heat control

and heat disSipation mechanism than the experimentar.

animal. Experimentally when man has been exposed to

100 MW /cm , his temperature will actually fall while

'there is a definite rise in that of the animal. Thus, the

quantity of absorbed energy required to produce changes

in man is probably higher than that in animals.

689 s.
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d. Most SU.scdptible Parts offthe Human Body.

-
(1) Testicle. A change of a few degrees vill cause

cessation of sperm production. When radiation is
removed, the effect ceases and sperm production
is resumed.

(2) Lens of the eye lacks an efficient circulating system,
thus it cannot dissipate heat as readily as the rept
of the body. If thereis enough cellular destructioh
of the eye lens, clouding (cataracts) occur.

TABLE I

BIOLOGICAL EFFECTS OF MICROWAVES

Frequeney
(MHz)

Wave Length
,(em)

Site of Mad &
Tfasue Effects"

Major Biological
Effects

Less than 150

150 - 1,200

k

1,000 -.3,300

3,300 - 10,000

Above 10,000

-

;

Above' 200 '

200 - 25
.

30 - 10 .

10 - 3

Less than '3

,

".

Internal body
organs

Lens of the eyes
'.

' -atissue

Top layers-of the
skin, lens of the
eye

Skin

.
-

.
.-

Body is transparent
to waves above 200 cm

Damage tokinternal
organs from overheating

Lens of the eye partic-
ularly susceptible and

heating

Skin heating with the
'sensation of warmth

Skin surface acts as
'reflector absorber

. .

NOTES:.

.1., Biological effects listed above result from.short massive or pro-
longed repeated direct exposure exceeding safe limits.

,
2. Depth of penetration in human body =

10
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I
e. Unexplained effects, other than thermal have been reported,

e.g. , "pearl-chain" effect in body fluids, nausea in man due
to radiation fields below thermal effects; however, these
effects have no application to man in the area:of microwave
hazard.

i4.* EXposure Criteria.

.

a. Historically, a single death attributed to microwave has been
reported. A radar worker died from "cooked liver"; however, a
careful review of the,data raises 4ome doubt whether the cleathifvas
attributable to microwave exposure. There is no question, though,.
that microwaves are capable of producing serious and even fatal
effects.

b. , Until,
e

1965-66 both the military and private indUstry have limited the
exposur of personnel to microwaive radiation to power density
levels no greater than 10 mW/cm The maximum permissible
exposure level was the "same regardless of the duration of the
exposure. The increasing power output levels in newer microwave
systems and certain tactical requirements of the military had
combined to make this limit difficult to maintain. Therefore the
previous .accepted maximum permissible expOsure of 10 mW/cm2
for continuous exposure was modified and new criteria adopted
which equates higher exposure levels with time of exposure.

The United States Army and Air Force and the C -95 committee of the
American National Standards Institute have adopted new standards
which relate the level of exposure to the time duration of such'level
exposure'. The ANSI standard allows exposures up to l'mW/cm2
for any 0. 1 -hour period. The Army - Air Force.allOws exposi'ires
exceeding 10 mW/cm2 to be based on the following equation

. .- '.1 Y

til

6000
'EP w2

Where:
...,

Tp = permissible exposure time in minutes during any 1-hour
Period. it ' '

..

4
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..

, ,
es .

W = power density in the area to be occupied (mW /cm2). , ,
...

It should be noted that the ANSI standard gives no upper limit as
to power density, while the military regulations allow no exposure
above 100 mW/cm2.- Areas where power densities greater than
100 mW/cm2 exist are considered hazardous and designated as

,denied occupancy areas. .

- ,

c. It is interesting to note that USSR in 1960 reported thqr.
maximum permissible exposure level as 0.01 mW/cm if c`
exposur5 is for an entire day. They reported a number of
general effects due to chronic exposure: Mowing of the
heart, hypertension, superthyroidism, exhausticin of the.7...

central nervous system, and other s.
li ,g

5. Protection.

a. Adequate planning and facility Layout to preclude exposure to L.

more than 10 mW/cm2. Whenever possible, a preliminary
survey should be made while feeding the system with a low
-power source. This will allow location of 'concentrated power
densities., If these areas cannot be shielded, suitable signs ,A;;

. should be posted., J
s ,..

b. Suitable instruments to monitor levels of microwave output.
As an expedient, the NE-2 neon tubes can be used. Neon,
tube will fluoresce with power density of approximately
20 mW/cm2. '1

-

c. Protective goggles with/proper wavelength protection and
with proper optical density. Protective eyewear is available
from several commercial sources. :

d. Protective clothing is used by radar workers who work in
high power R-F environment. The clothing incorporates a
continuous metallic material, which acts as a reflector to

4 the microwave.

I

'692
7zo

.

4.

t.



sson Objectives and Notes.

Object%ves:

Knowledge of the neure of ilcrowave radiation and its sources.

Knowledge of microwave mechanism of damage and resulting physio-
logical effects.

cA

-3. ..Khowledge of military and civilian exposure criteria.

4. _Proper monitoring for any excessive microwave radiation and.
protective measures required.

B. Notes:

t_
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DF470, Radiation Protection'Officer Case Studies

I. Reference: None

II. Discussion: :None

III. Handout's': See attached handouts.

IV.. Problems: None

V. Solutions; None,

s
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RADIOLOGICAL PROTECTI,ON OFFICER CASE STUDIES

GENERAL SITUATION:

Upon completion of the Radiological Safety Course at Aberdeen Proving
Ground, Maryland, you have been assigned as Post Radiological Safety
Officer at Camp Swampy, Louisiana. Camp Swampy is ,a medium sized
post with a troop training mission. Assigned to the-post besides the training
commands are an infantry division and various logistics and supply units.

When you arrive at Camp Swampy,' you meet with'the outgoing RPO,
.

MAJ Goodtime: You do not get a chance to talk in detail about the Radio-
logical Safety Program on post because MAJ Goodtime is catching a plane
in 1 hour. He does introduce you to-your staff and sh9ws you the Radio-
logical Safety SOP which he was developing.

The next day, while talking with your operations NCO, you discover that
MAJ Goodtime did not push,his Radiological Safety Program.

J

7
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SITUATION NO 1

Mr. Diddle, chief warehouse clerk to the Pont Supply System, has just
called you. He has just received a shipment,of 1,300 compasses. He noticed
a number of broken and missing lenses. He has been calling people all
morning about the compasses and you are the tenth person to whom he has
talked. So far, nobody has been able to tell him what to cici. He is relatively
new in his job, has never handled radioactive materials, and knows nothing
of the safety procedures involved. When you go to the warehouse you notice
in the room with.the compasses is the entire supply of photographic film for .

the Post Signal Center's photographic facility. What actions do you now take?

J
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SIT UATION',NO 2

In January, 1969, Unit requested, disposition instructions for three
radiac 'AN/PDR-27(J) sets through supply channels. Reply to this request
was for the unit to turn in the items to the Post Consolidated Supply which

, in turn wai to ship the items to depot . It is'npw
Februy, 1970, you have been working on the leak test report tq submit to -

CONARC. You notice that Unit. is 11 months overdue on a wipe test
for three of their MX1083 check sources. Upon contacting the pnit, you find
that the supply clerk in the unit-thinks that the items were turned in. As
RPO, what do you do, since you still have this source charged to your in-'
stallation?

Th 44°
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SITUATION NO 3

You ha,ve just received a call from the Post Consolidated Supply and were
informed that they had a:TS-784 radiac calibiator sitting in their warehouse.
They ask you what to do with it. Upon investigating, you fletermine that the
item has been on post for the past 70 days. You also notice,thatoge corner
of the cardboard box shipping container -is damaged. As RPO, what do you
do about this situation?

69.9
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SITUATION NO 4

The chief of the Electronic Maintenance (Division, Post Maintenance
+Directorate, just called you on Monday morning' and informed you that one
Of his employees had put his film badge ,next to the source of one of the
TS -784 radiac calibrafort on Friday atithe close of business and that the
badge had remained adjacent to the source all weekend. As RPO, what do
you do?

728
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SITUATION NO

A temporary employee at the Post Central Storage Warehouse was involved
in the movement of a shipinest of lensatic compasses. When the film badges
were developed, it was discovered that the man received a Significant dose
of radiation. The man, at this time filed for compensation, because of his
high dose exposure. You as RPO have been notified. What action do you
take?

,,
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SITUATION NO 6
4 . a 0.7

You have just received a telephone scan from an Army Reserve unit located
-about 200 miles from /your installation. They desire to tior-roVi
.45-ANIPDR-271i:from yOu to use -10. a CBR school. they are conducting.

=tThey desire the complete s sincludihg the MX7338 check source. What
do yOir-:do as RPO?_,

_

/"-
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SITUATION NO 7

The hospital safety officer has called you and requestedinstructions on
how to procure a radium source for the hospital.- He also requests inforyna7-
tion on storage and handlihg of the source. The hospital has never used
radium sources in treatment. What information do you give?

,
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SITUATION NO 8 .

Unit has been on afield training exercise. Upon returning to
garrison the comnio maintenance NCO reported that the MX7338 from one
of his AN/PDR-27 radiac sets was missing. ,A search of the area Ailed to
turn'it up. You have been notified.,---As RPO, what do you do? .

, ..
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SITUATION NO 9

During a wipe test of a TS-784 radiac calibrator by one of the workers
at the Post Signal Maintenance Facility, a cotton swab and about 1 inch

of the stick were broken off inside the source port. You have been asked
to render assistance in this matter. What action do you take?

705
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SITUATION N0410 ,

- , .
The installation hospital has turned in to the Post Consolidated Supply an
item for disposal. fhe item is an.adaptometer, radioactive plique (used to
test night vision.of pilots). ccording to TB 750-237, Identification and, ,

'Handling of Radioactive Item in the'Ai.my Supply Sys(tem,.. this device .

contains 4.5 fic of 226Ra. ou determine that this is \e. type II item, The.
item was pa'ckaged up and disposition instructions requested in accordance
with AR 755-15. You had packaged the item as an exempt quantity; however,
upon receiving' the disposition instructions, you noted that APG-,EA specified
that the item should be packaged in a specificatiOn 19B package. As RPO,
what action do-you take?

...
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,SITUATION NO 11

A service school is located on your installation. After a group of students
departed, maintenance personnel were clealiing out student wall lockers and
an MX1083 .check,source was found. The source stick was broken in half.
You have been notified of this event.: As RPO, what action do you take?
What dNyou do if the source is leaking?
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SITUATION NO 12

Yo Ur installation contains
bulk quantities. One day y
firm delivering a' shipment
it identifying it as carrying
instructions telling him wh
action to tak; in case he ha

4

I. So,

research facility that utilizes radioisotopes in
u notice a truck from a commercial trucking
f 4 curies of.82Br. The truck has no signs on

radioactive material. The driver has no special
t to do in an emergency. .For example, what

an accident. As RPO, what action do you take?

736
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SITUATION N9 13

.You received a call from the range officer. He states that two hunters found
what looks like an ammunition igloo surrounded by barbed wire with radio-.

, active material signs posted around it. Upon investigating the igloo, you
find tliat it was an old storage area for radioactive material.. Inside you
find numerous isotopes which cannot be identified by markings. The only
equipment available to ybu'at your installation is the AN /PDR-27. What

action do.you take? Your installation has multiple radiation sources but no

NRC license (no Isotope Committee).

S.
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SITUATION NO 14

One of the tenant units on post, the 54th Infantry Division, currently hasthree TS-784A/PD radiac instrument calibrators: The only individual in the
division who isqualified to sign for the calibrators. from Lexington ArmyDepot the 21st Maintenance Battalion assistant S3, a, Chemical Corpsfirst lieutenant. He has just callecl,ancl informed you that he is on orders toGermany and will be leaving post in 10 days. The only other person on postqualified to sign for the calibrators is yourself. The 21st Maintenance
Battalion is currently doing all the calibration foi the entire post. Whatactions do you take?

4 '

738

710.



ao. .... kit .

SITUATION NO 15

a. a

During your annual physical yesterday you had a chest X-ray.at the-post
hospital. You noticed the X-ray room did not look quite right and upon
closer inspection and comparison with TB Med-62, you determined that it
did not meet the necessary safety requirements. You immediately went to
see the hospital radiologist who refused even to discuss tht X-ray facilities
with you. You then went to the hospital commander. He said he did not
agree with you, that in his opinion the X-ray room was perfectly safe. He
could not even remember ever seeing a copy of TB Med 62. He said there
was too much of a demand for the X-ray machine for him to even consider
shutting it down. With that statement', he decided the conversation was over,
and you left his office. What actions ,do you take?

4
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SITUATION NO 16

SGT Williams from the Post Signal Center has just called you regarding
radioactive "electron tubes. Up to now, the signal personnel have simply
been throwing bnrned-out tubes in with ordinary trash. This morning a
newcomer to the Signal Center mentioned that he had been told in maintenance
school that ail radioactive material had tobe disposed of separately. SGTWilliams talked to the Post Signal Officer who told him to call you for advice.
What actions do you take ?

Y'
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SITUATION NO l7

The post safety cjirector read an article in a newspaper, about a watch
repair facility:in one of the major cities being contaminated with radioactive
material. He requested that you make a survey of the post watch repair
facility to be sure it was not contaminated. Upon performing your survey,
you found that the shop was indeed contaminated. All the drop ckoths , table
tops; floors,' and storage cabinets were heavily contaminated with radium
whith had been deposited from watches over the years. As RPO, what action
do you take?

Q
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SITUATION NO 18

You have just received a call from the Civilian Personnel Office on your
installation and were told that a DAC employee hid filed a suite for damagesagainst the Government. The DAC claims that he has skin sores and lesionson his hands and finagertv causet4by radiation exposure he obtained while
working as a member of the Electronics Branch, Post Maintenance
Directorate. ,Your installation now liolds two NRC licenses and an Ionizingradiation control committee has been formed. As RPO, what do you, do?
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SITUATION NO 19

YOU have just received a call from the Post Safety Director's' office. The
.

message was that the post property book officer, a civilian,
inventorying the items in his property book, had found a metascope locked
in a safe in. one of his warehouses. The device had a radiation symbol on it
and the isotope was 90Sr. Quantity was not marked; however, the date of
manufacture was marked as 1945 and a leak test label had a date of 1955
on it. As RPO, what action do you take?

e

71:5

743:



Iln

0,

SITUATION NO 20

"S-

One day while visiting the Post Signal .Calibration Facility, you observed
19 AN/PDR-27's setting on a table in the shop waiting for calibration.. You
also noticed that mazy Of the radiic sets did not have the Mr338 check
sources ,attached to the sets' carrying cases by a cord or chain. As RPO,
what action do you take?

1
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DF480 Accelerators

I; References:
Accelerators,'USAEC Division of Technical Information

Pamphlet

II, LessonObjectives and Notes:

A. `Nature of operation of moat codimontypes of accelerators.

B. Special haiards of` accelerators..

C. Jurisdictional agencies involved in'accelerator safety.

D. PublicatiOns,governing accelerator safety.

Notes:

1

4
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Notes:

4

III.. ligodout.s: None

IP.; Problems: Nose

vh Sititttrionst. Noe.
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.NUCLEAR ACC I DENT CONTROL
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DF490, Nuclear Accident Control

I. Reference:

Skim FM 3-15; ST 3-155, Table 1-2.

II. Objectives and Notes:

A. Control Responsibility,

B. Actions to be taken.

C. Special Teams.

r
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TO MEDICAL AUTHORITIES
MOIREEM11312:.

1 RADIOACTIVE MATERIAL 1111Y Bt PRESENT

COIITAPINATION.

2 - USE ALL POSSIBLE CMIE TO PREITET ---

SPREAD OF CRITITIOATI6N.

3 - CLEAN VIOUODS VERY .139020UNLY,.

DEINZIDERENT- IINY E. ADVISADLE.

4 MEDICALLY, PATEIT SHOULD j3 =KED

LINE AllY. OTHER CASE.

DEPT OF AWN.

:.

...

, WASHINGTON. i5, D. .C.-
,

1

NOTE. Tog Sioii 1s 3'' x 51/,'tord WO. 1.d `8 '- .

4. ,
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III. Handouts:

1. Definitions.

a. A nuclear accident is an unexpected event involving a nuclear
weapon or component, resulting in any of the following:

(1) Loss or serious damage to the weapon or'coMponent.

By'serious damage we mean damage sufficient to render a
nuclear weapon or component unsate or-nonoperational to
an extent which requires major rework or complete replace-
ment.

(2) Nuclear or non-nuclear detonation ofthe weapon.

(3) Radioactive contamination.

(4) Public Hazard.

,A public hazard is defined as a condition wherein there
exists a certainty that the civilian community will be
adversely affected.

__b. A nuclear incident is an unexpected event involving a nuclear,
weapon, training weapon or component resulting in occurrences
whereby the possibility of detonation or radioactive contami-
nation is increased, but which does not constitute an accident,

7
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Radiation Hazard Card Handout

EMER"GENCY

TIES AREA PROBABLY CONTAINS RAPIOACTIVE

CONTAMINATION.

Follow my directions to the radiation

control point where you will be given

further instructions.

Note:

- 3" x 5" card
_White background
Red lettering

;
73
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TRAFFIC CONTROL INS'TRUtTIONS

THIS ACCIDENT MAY HAVE CAUSED RADIOACTIVE CONTANINA-
TION IN THE /LOCAL AREA. YOU ARE REQUESTED TO DETOUR
AROUND THIS AREA. IF YOU PROCEED'AT YOUR OWN RISK:

1. Keep all windows and vents closed.

2. Proceed without stopping.
."r

3. Wash ,vehicle thoroughly at first opportunity.

Note:

3" x 57 card -
White background
Red lettering

IV. Problems: None
4 '

V. Solutions: NOne

725
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DFSIO, MANAGEMENT OF RADIATION ACCIDENTS

I. ;:Reference and Discussion.

Reference: None

,

B. Dtscussion:

e

. ,

Redietion Accident.

The unexpected occurrence in a sequence of,events which prod t'.

injury, death,*radiation exposure, or property damage:

2. Radix Incident.

The un pected release or ss of control of radioactive materiallo

either sealedor unsealed lb the environment.-' '

ENVIRONMENT

Host

a. Conditions
b. Senses
c. Motor skillt

d. Psychological
e. Stresses

I

5. Environmental'Factors..

a. Temperature
b. Humidity
c. Lighting

d. Housekeeping
e. Toxic material

.0

a.

b.

c.

d.

e.

-
6. 'Agents- (radioactive material):

Influencedja

Age - old and young
Illness and disease
Aleohol and drug's

Living conditions
Training

Identification of the agents is essential. It will influence

all aspects ofcontrol and emergency situatAns.

-, Objectitres of Incident Control Planning,

a. Prevention of the incid'ent or accident.

b. Minimizing the effects of an incident'or accident.

c. Con-troll-61g the incident or accident.

d. Restoration measures.

755
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Incident Control Planning.

a. Preplanning in'facility design.
' b., Periodic review of techniques, equipment, and operations.

c. Review of all new propodfils, techniques, aneequipment.
Training endeducational programs in all aspects of safety.

9. 'Minimizing the Effects of the Accidentor Incident.

,

L'ifes'aving measures.

Equipment/Tor lifesaving.
2. Maximum allowable exposure for lifesaving.

b.- Evacuation plans.
. "

. ,

c., -Clear-cut organizational responsibilities.
a:. Countermeasure to prevent large scale contamination

Q4',Controlling the Incident or Accident.

a. Trained individuals' with necessary instruments.
b. 'Accessory equipment.
c. Established- communication system.
d, Up-to-date list of agencies which could provide assistance.

c

. ;

of the environment.

11".. Restoration Measures.

JR. Decontemination.teams and'equipment.
b. Disposal procedures.
c. Cbntamination guidelines.

NOT A VU-1GRAPH
.

.Reports. Required by Federal Law -.ininrediate, 24,-hour, 30-day.

Loss or theft of source - immediate to NRC Regional Compliance Offide
by telephone or telegraph if the loss appears to the ]4'censee that.a
substantial hazard may result to persoris in unrestricted areas.

1
2. Follow-up report Tor loss or theft within 30 days o the initial:re&ft.

Send to Director, Division,of'Compliince,,
USAEC, Was ingt,oh, D. Cr 4'

20545; with a copy to the Director of the'4propriat "NRCIlegisolial
Compliance 'Office.

,
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12. Report Information of 30-day Follow-up on Loss or Theft.

a. -,Deabription of the licensed material involved.

b. Description of the circumstances under which the loss or theft

occurred..
c. Statems4t of disposition or probable disposition of licensed material

involved.
d. Radiation exposUre to individuals.

e. Rechvery actions.
f. Preventive measures td eliiinate other occurrences.

NOT'A VU-GRAPH

Subsequent to filing the written report, the licensee shall report any sub-

stantive additional information which he may receive, within 30 days after

he learns of such information.

Any report filed for the above listed reason shall be so prepared that names

of individuals \ho -may have received exposure to radiation ` are stated in a _

separate part of.tIn report.

:13. Immediate Notifieation.,

,a, Exposure,

(1) Whole body 25' rems orlore..

' (2) Skin of whole body - 150 ferns or more.

(3) Feet, ankles, hands or forearms - 375 rems or !more.

b. Release of radioactive materials. .Concentrations'averaged over:24

'-hpurs'which would exceed 5000 times limits in App B, Tabl 'e'II.

Loss of one working week of operating facility.

d; Damage in excess'of $100,000:

14. Twentyrfour HOur Notification: ''
°' .

a. Exposure.
,

Whole body -.5 rems or more.
2) 'Sktp 4 Whole body - 150 Terns or more.

(3), Feet, ankles, hands or forearms -,75'rems,t1. more,

b. Release of radioactive, materials. "Concentrations averaged over 24

hours whichyould exceed 500,times limits in App B, Table II'.

,c,' Loss of one &V or more of the operating facility.

d. DaMage to 4r6perty in excess of $1,000.

a IS
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.
. . . y ,,,., .

. 15: Thirty-day Report. ,

-.?.. c' .1.. ,v.,

, , .0., -

'', i kA

a. Each exposure to radiation or eoncentratiOninexcess A', any limits 4
or liCense held,: '' . %

,.

.

.

b. Any incident for which notification is required.
c. Levels or concentrations in an unrestricted area in

times anY applicable limits set_forth: . i

1 N

NOT IiiiIJ-GRIPI-1- /

Report must contain L
.. .

a. Extet of exposure to persons to radiation'or radioactive
b.,' Levels., or concentrations of material involved.'

.. c. :Cause of the exposure, levels, or" concentrations.
d: COrredtive steps taken or planned to assure against.

'. ,.

%1

excess 9f ten

WO

t-
meteaal,

,

a recurrence.

. NOT A"'VU--oRAPH

If 6- licensee- must submit a report on an individual to radiationtor concentra-
tions radioactive material, the licensee shall also notiffsuch individuals
of the nature and extent of the,exposure. yrhe nptice shall, in writing and
shallcOntein the following statement:

"This report is furnished.to you under the provisgms of the NRC
regulations entitled :qtandards for Pr9tection AgainseRadiatibW.
(10CFR Part 20). You should preserve this report for future

.--
"reference.

.

16: Army Regulations` on Accident/IncidentReporting

AR 385-40.

'AR 385-10.
AR 385-14'
Ali 55-55

AR 700-64-

k. Other regulations,
'marine accidents,

re

.3

,f. AR. 755,15 2

g. AR 40-14
h. Aft 700-63
r; AR '700r52
j: AR 50-2?,

concerning ididase of Accident information,. :fire, .

legal and other aspects are refereneedAn.AR 385-40.

*
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II. Lesson Objectives and Notes.

Objectives:
.

1: Define an explain radiation adcidents amiradiation incidents

. involving non- weapons radioactive material.

State the causes of accidents/incidents and explain each.of

these causes as'to influencing.factors.

3. State the guidelines for an emergency'plan.,

4. Make all accident reports required (both:Federal and iilitary).

5. As RPO, handle in a safe, expeditious,v1fficient manner; shy
radiation accident which may vd.cur at ,the RPO's facility. '

A
B. Noted:

.;.

Handouts; ;See attached handouts..
.

r

Pt. Problems: qpne

V. Solutions: None

.
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EXTRACT FROM AC:OPERATING HANDBOOK
STANDARDS FOR 'RADIATION PROTECTION

III. GUIDANCE FOR EMERGENCY wrosuA.E. DURING RESCUE AND RECOVKlY ACTIVITIES

A. Purpose.
,..' ..;

.
.. .

The emergenCY action guidance'promulgateX in thfs part provides instruc-
tions and background information for use in. determining appropriate actions
concerning the rescue and recovery of persons and the .protection of health
and property during periods of emergency.

B. GeneralGonsideratiOns.

1. ' The problem of controlling exposure to radiation during rescue and
recovery, actions is, extremely complex. PerforhOng rescue and re=
covery operations require the exercise of prompt judgment to take
into account multiRle hazards and_alternatamethods'of accomplishment.
Sound judgment and fle2tibility,o action aretcrucial to the success
of any type of. mergency -actions. Although efie guiding-'principle is
to rhinimize the risk of injUry to,those persons involved in the!,
rescue and recovery activities, the control,oT-radiation exposures

' should be consistent with the immediate objective'of saving human
life, the recovery of a deceased victim, and/or protecting of health
and saving of property.*

2. 1 To preclude the possibility of unnecessarily restricting action that
may be necessary to save lives, these instructions do not establish,
a rigid upper limit of exposure but, ather leave judgment up to,
'persons in charge of emergency-Operations,to determine the amoUht of.
`exposures that should be permitted Ito perform the emergency mission.4 .

,
The official in charge must carefully examine any proposed action
involving further radiation exposure by Feighing bg radia-
tion results, actualor potential, against the benefits to be gained.
Exposure probabilAy,:biological consequences, related to dose,,and
:the number of people involved are.the essential elements to be evaluated
in making a risk determination.,

3. 4

4. These instructions recognize
saving of lives will require
required to recover deceased
latterimstances, the amount
persons shouId%be controlled
limits,

that accident situations involving the
separate criteria from that Of actions'
victims or ,saving of property. In the
of exposure axpected.to"be.received by-
es much as,poasible within 'occupational

/

*The determination as to 'whether radiation dbs.ge 'received in emer=ur
gency actions will be chargeable to the:radiation exposure status
,of the persons will be made on an individual:basis:.

I
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N./

C. Field Office Managers in Accordance with Stibsectlon 0524-034..,

1. Shall review.and approve emergency plans for rescue and recovery

operations. .

2. May authorize contractors to take all appropriate mehsures in

emergency `situations.

8. Normally shall not allows the recovery' operation personnel to exceed

the occupational exposure standards specified in part I and annex

of this appendix for the recovery of deceased victims; however, in

special circumttances may approve a *waiver of these limits.

D. Emergency Situations.

Specific dose:criteria and judgment factors are set forth for the three

categories of risk-benefit considerations, i.e,, actions invOlving'the

saving of human life, the recovery of deceased victims, and the protection .

of health and property.

1. 'Saving of Human Life. s

a. To preclude the possibility of unnecessarily restricting action

that may be necessary to,save lives, judgment shall be left to

persons in charge of emergency operations to determine the amount

of exposures that should be permitted to perform the emergency

mission.

b. Attempts to rescue victims of a nsplear incident should be

regarded in the same context as any other emergency fiction

involving the rescue of vibtims, regardless of the type of

hazard involved.

c. Where there is reasonable expectation that an.individual is

alive within the affected area, the course of action to be

pursued should be determined by the person onsite having the

emergency action responsibility. .

d, The amount of exposure for this -type df emergency action shall

be determined by the person'onsite having the emergency action

responsibility.. He should immediatelyevanate the situation

and establish the exposure limit for the rescue - mission accord-

ingly. His judgment should be based upon:

(1) Evaluation of the inherent risks byrconsidering:

(a) The reliability of the prediction of radiation injury.

This reliability cannot be any greater than reliability

of the estimation of the-dose. Therefore, considers-
,

tion should be given to limits', of error associated

with the'specific instruments and techniques used.to

estimatethe dose.rate. This is especially'Crucial

when the estimated dose approximates 100 rems or more.

s.
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(tyThe exposure expected in performing the action shall
be weighed in terms of the effects of,acute external
whole body expOsure.and entry of radioactive mate-
rial into the body.

- (2) Curredt assessment of the degree and nature ofthe hazard,
inherent risk-from that hazard through appropriate mecha-i nism such as the use of protective equipment, remote
manipulation equipment, or' similar means.

e. In the course of making a decision to perform the action, the
risk to rescue personnel should beweighed against the prob-
ability, of success of the rescue action.

Any rescue action that may involve substantial personal risk
should be performed by volunetpers, and each emergency worker
s 11 be advised of te known,or estimated extent of such risk
prior to participation.

2., Recovery of Deceased Victims.

a. Accident situations involving recovery of deceased victims re-
quire criteria separate from those for saving lives. Since the
element of,time is no longer a critical fpctor, the recovery of
deceased victims should 'e well plahned. The amount of radia-
tion'exposure received b persons in 'recovery operations shall
be controlled within exi ting occupational exposure guides.

b. In those situations where the bodies are located in areas-in-'
accessible because of high direct radi tion fields, and where
the recovery mission wou result ih e Posure in excess of .

occu tional exposure standards contained in this part, special
4.r to recovery devices should,be used, tb retrieve the bodies..

c. In spectal circumstances where it is impossible to recover
bodies without the entry of emergency workers into the area, .

the individual in charge of the recovery mission may determine
it necessary to exceed the occupational exposure standards
contained in this part'. The plannedexposures,of an individual
participating in the recovery should not exceed 12 rem total
for the year or 5 (n-18) whichever is the more limiting.

3. Protection of Health and Property.

a. Where the risk (probability and magnitude) of the rad tion
hazard either bears significantly ofihe state of hea of
people or tay result in loaaof property, so that immediate
remedial action is required,-ftefollowing criteria should
apply:

762
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(I) When the person in Charge -of emergency action onsite deems

it essential to reduce a hazard potential to acceptable

levels or to prevent a substantial loss of property, a

planned exposure up to but not to exceed 12 rem.for the,.

year or 5 (Y,18) whichever is more liMiting'may be re-.

ceived by individuals participating 1.n the'operation.

However, the person in charge of emergency action at the

4 incident scene may elect under special circumstances to

waive these limits and permit volunteers to receive an 4

4 exposure up to but. not to exceed 25 rem,

(2) Where the potential risk of radiation hazard following

the nuclear incident is 'such that life would be in jeopardy,

or that there would be severe effects on health of the

public or loss of property inimical to the public safely;

the criteria for the saving of human life shall apply.

(
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EXTRACT FROM NRC OPERATING HANDBOOK

NOTIFICATION,:-INVESTIGATION, AND REPORTING OF
INCIDENTS REQUIRING IMMEDIATE NOTICE TO HEADQUARTERS

I. CATEGORIES OF INCIDENTS REQUIRING HEADQUARTERS ACTION

Incidents involving any of the following circumstances may require prompt
notice to the public and NRC Committee on Atomic Energy and notice thereof
should be made to Headquarters fs soon as any become known.

A. - Under NRC or Contractor Operations. _
4i'

i 1. Radiation.

a. Exposure of the whole body of an individual to 25 rems or m ore
--:

of radiation, exposure of the skin of the whole body of an
_0____ individual to 150 rems or more of radiation or exposure pf the

feet, ankles, hands or forearms of any individual to 37 `rems
or more of radiation;`

b. Any unplanned release of radioactive material in concentrations
which, if averaged over a period of 241ours, would exceed
5,000 times the limits specified for such materials in appendix
0524, annex 1;

.

c. Any release of radioactive material offsite where it is believed
any member of the general population may have received an, ex-
posure greater than than that set forth in appendix' 0524, II;

t-
d. Any accident in which an atomic or nuclear weapon (under the

jurisdiction,of NRC) is involved and where damage is inflicted
to personr private property;-, 4

e. Any noitice that an Individual has received an estimated 25 rems
or more of external whole body radiation during a calendar
year;

f. Any injury or industrial illness follpi.dng cumulative or massive'
exposure to internal or external ionizing radiation which might
reasopably be expected to have caused the,illnessor injury and

° 'when so diagnosed by a physician competent in nuclear medicine;

Allegations that persons previously employed by NRC or its
contractors are di5abled from injuries, or diseases incurred

,

as a result of radiation or eposu±e to toxic Materials which
are Peiuliar in kind or degree to atomic ehergy operations,

2. Injury or Death.

a. Any fatal or imminently fatal injury or'illness-of industrial
origin associated with an NRC activity of an NRC or contractor
employee or 'a member of the public in an accidentQr fare;
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b. Any other injury or inddstrial illness of five or more persons '

in an NRC operation;

c. Allegations that persOns previously employed by NRC or its

.
contractors died from or were injured as a result of tffeir,

duties in atomic energy operations.

3. Loss.

a. Estimated loss or damage to Government property amounting to

; $100,000 or more or estimated costs of $100,000 required for
cleaning, renovating, replacing or rehabilitating structures,

equipment, or 'property;

, b. Any apparent loss of source or special nuclear material; when .

'mach apparent loss has been referred to the FBI for their in-

. formation or investigation. .. .
.

, ,

NOTE: The notification, in the matter in item eh maY consist'of a copy

of the referral to the Federal Bureau of Investigation, which has

primary investigative ,jurisdiction of such matters. '

c. - Any apparent loss or theft of byproduct source, or special

nuclear material; other than that meniioned.in items 3a or

3b above, in such quantities and under such circumstances that

it is believed there may result a substantial hazard to the

health and safety of individuals.

B. Public Interest.

Any incident of any kind which givei rise to an inquiry by members

of the pdblic or press, providing that after initial analysis by a

field office, it is considered of sufficient importance to noti,ZY

'Headquarters.

'2.4 Any incident of any kind which,, the field office manager believes to

have public,information significance.:

3. Any offsite accident involving vehicles carrying NW: shipments of
i

4

radioactive materialt. ,-,

i I. ft.

II., NOTIFICATION STANDARDS, '
,

1
w

',.,,
.

-..

A. As soon as sufficient information is obtained to indicate the general

nature and extent of the incident, the responsible keedquarters supervising

official shall be notified hy 'telephone. -This telephone notification

should be Made within a matter of hours if at all possible, even at'the ,

.expense of lack of some of the details of the incident. A confirming tele-

type shall be sent as soon as-possible giving wha'ever details are

. .
. ,

,
..9

)
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available. This teletype 'shall include as addressees, the responsible
Headquarters supervising yfficial, appropriate programmatic division
director, appropriate programmatic Assistant.General Manager% the Divisons
of .Inspection, Operational Safety (in healp'and safety i afters) and
Public information! This teletype shall oover:

1. Whether a press release- is contemplated or has been issued.

2. Whether 'all facts ars known and no investigation is eqUited.

B. The recipkent of the original notice shall immediately no ify the Divisions
of Inspection. Operational Safety (in health atA safety m tters) and other
interested Assistant General Madagers, divisions and offi es,

III.-' INVESTIGATION STANDARDS ,

A. General.

The investigation and analysi should be conlucted to obtai, information
necespary to:

, 1. Determine nature and extent (including costs) of the incident.

,2. --Determine the causes of and responsibility for the_incident.

3. Determine corrective 'action appropriate to Minimize or preclude
similar incidents.

4. Arrive at an informed estimate of amounts, probability,and validity
of claims against the Government.

Assist in the improvement of NRC policies, standards, and regulations
and of operationS thereunder.

. -

.6. Prepare aNritten report.

7. Determine that appropriate'correcqve action and Sollow7up are
accomplished.

B; Standards for Selection of Investigators.

, 1. Designated investigeto(s) (or teams)'shli,1 be selected to supply
not only specialized competence in 'the sub,}eCt area concerned, but
also competence-in iOestigative and report writing techniques.

2. NRC arra, contractor personhel employed in positions directly related
to the operation or activity in which the incident has occurred may
serve on an investigative committee;but shall not!constitute,a
ma3ority of the'team nor serve as the only inves'tigator or as head
of the investigative team. 4

, 766 . .
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NRC officials who initiate investigations--shallt

a. Appoint or approve investigator(s) or those who serve on the

investigative team.

b. Designate a full-time'Government employee to conduct the in-

. Vestigation or to head therteam where one is used.

C. Collection of Data.
*

1. Information shall be obtained from e best source, i.e., those
persons involved in the incident, an those present at the time of
the incident, along with personal ob ervation on the part of the
technically qualified investigator.

2. The following data should be obtained where applicable:

a. Concerningtthe facility:

(1) Contractor or facility involvland location of facility.

(2) Area or room where the incident occurred or where the
missing material was supposed to be.

(3) Contract or other connection with the NRC.

(4) :Names And titles of persons involved.

10. Concerning the incident:

-(1) ,:type of incident*Or occurrence.

(2) Date, time, and circumstance.

F (3) what brought incident to attention.

(4) Cause and respons bility for incident or oipurrehce.'

(5) Description of demage and r loss-, and action being taken

torepair damage or prevent further damage and/or,loss. -

(6) Cost; i.e., replacement cost of damaged items. or assigned
dollar value of,misSing materpl.

1,

c. Concerning any iniyries:

(1) Extent of injuries.

739
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(2)' Action taken to care for injuries.

(3) Actionrtaken to preclude further injuries.

d. ,Concerning the possibility of claim against the Government:
, .

(1) What possibilities for claims agaitist the Gover ent were
created by the incident or loss. Describe the sible
claims.

(2) What Anformation is available.to refute or mitigate the
claims.

e. Concerning corrective action:,

(1) If the incident or loss resulted from a failure to follow
. procedures, laws,'or regIllations, what action is warranted,

or is being taken to ensure future compliance., ,
.

(2) If the incident or loss resulted from lack'of or inadequate
procedures, what action is being taken to correct the,
deficiency.

,

°.3, Concerning the loss of source and special nuclear material the
following additional information must be obtained:

a. If missing material, description" chemical and "physical form,
quantity, etC./.

b. Classification of missing. material.

,c. If missing material, relation of missing quantity to total
batch or inventory from which missed. .

p

d. If loss was not immediately noted, when and under. whet circum-
stances was it noted.. ,N 0 ..

. , J'''''
,

.

e. For thissing material, when and how is the materiail.ast known
to have been on hand., P

. --;1
f. What steps have been or are being taken to locatethe,, missing

material. .

4V.
0

'g. What are the possible.mechanists by which the material could
have left the facility. For each mechanism what evidence exists
that this was or was not the loss mechanism, and what practicable
pOssibilities exiat for further investigation.

.

h. What iS the most probable loss mechanism, based on present
information.

740
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I

4. In cases involving overexposure to ionizing radiation the following

additional infoi.Mation must be obtained:

J

Personal information:

4

b.

$

.(4) Date of birth.

(2) Place of birth..

(3)"Sex.

(4) Social security' number.

Occupational information:

(1) Name and` address of,eMployer.

(2) Position title of empltyee.

(3) Area 'of picility emplbyed in during

Radiation expoSure information:

(1) Approximate dates
accumulated.

(2)

(3)

le

period of exposure. .

foi- period during which exposure was

Total estimated radiation dose in rents.

Type of radiation involved (e.g. ,'X -ray, gamma, neutron;
elettrons, positrond, heavy particles). ,

,

. .

(4) Manner in which personnel radiation dose Teasurements
were made (e:g.; film badge,,dotilketer, survey'ineter).

4

(5) Procedureb fsed fox- converting units- pf,mea4uremen? to REM
dose Valdes (e.'g., survey meter reading in r times-pBE of,

for radiation; ,.', neutron tracks per
square centimeter equals dose !density of duPont
type'502 film in terms of r times R of for

radiation)'. .- ._ ' \

(6) Extent to which`the permissible accumulated radiation dose
has beep exceeded. ,. ."

IV. ..REPORTIKSTANDARDS

A. rIAtestigative repoi-ts shall be written In .14(:) separate parts.

1. The first part shall' contain.an orderly presentation of the es-
tablished factS relative to the incident.

4
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4

.,

2. The second part shall containa"clear statement orthe-conclusiOnt,
reached and/oethe recommendations which Fill-make ePfegive',dtscor
sition of.all ,phases Ofthe case,' The ,conclusionermst be tupported';'
by the facts developed, Each recommendation7..ehould be stated-89 as,, ",
to clearly identify the actions) required to Arry'it

.''outr'

- Conclusions and/or reccmmendations s)oakbe marked "9
Only" and shelf be h separate memorandum Signed loythe,thal;#41,.:
of the committee or the investigator:

, . .

Investigative reports are submitted-initially to the-IKRC,oftils,tel:...,.
spbnsible for ordering the investigations. If the final report-cannot:
be submitted within 30 days, the Headquarters supervising :91B04
the Division of Operational Safety in health and sifetY..matteTS,0611. Pe.
notified at td the reason for the delay and the antleipatel,,dat ofbr

f
Saittal. A record will be maintained _of management actions,i400m....Anr:-
vesttgation findings and recommendations.

C. Reports will only be distributed to those listed in, the ctiapter,:and*..
further distribution of such reports shall be made except withperaSp4On-:.%,:.%,
of the Headquaiters supervising official in consultation with.the,appotos-,,,,.:.,
priate programmatic Assisant General Manager, andfor,appropria.-p07",

-grammatic-diviiion director.

V. " PROCEDURE TO BE FOLLOWED WHEN INVESTIGATION IS TO BE CONDUCTED.BY..
HEADQUARTERS.

. .

Except as otherwise prescribed by the Commission, investigations of.indtotents-.:..-.
edefined in section 0703-5) required by the Commission orby..theWeral

Manager to ,be conducted by Headquarters will be, conducted by.the.Direcior,
Divition,of-Inspectiont as provided in this part V. -

'Intestiptions by the Director, Division of Inspection.

In conducting investigations, as required by subsection 0703-033 d,,the-.
Director, Division of Inspection shall:

1. Diregt the Assittant Director for Investigations-,,Division of,I0,7,_
speetion,' to collect and report to him on ail facts concerning the
incldent ill, accordance with -the siandards'Set feorth:in-part III,

,I

2. In addition, when: appropriate, designate one or more technical experts.,
to collect, evaluate, and report to.himpn relevant technical-data'..
Such designated persons shall:

-

. -
a. Take immediate action to collect technical data-that would not

be available in 'case ,ofdelitY-suclat as information edliderning.',
decaying short half-life material.-
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.t -;," ..',
....t

arrangement
,-

a' forr.laboratnry or:other' -4eeclea,to;
ana344e Ceennicij.-dataliai has been" ,

:

cborgriate`.. efforts '1 :of the
_At ant Direotor. for Inyeartigationsaas lined:- .60 :the.-ilicl.dent:;,

. . ..

3.. In-Matters relating to' ine-Ments in.operations under ...,he ,jur.isd.i9-..
t-,- t'ion of a:Field Office Manager: ,- . .., -,, : .;-. : . -:- .. .

a.
-..::: .. - . -: -.',...*.---t7; - :.N",,'...-:, "'.,..- ., ' -; :, ..
Through. -the cooperation 'cif. the. Field-Officer Manager, .Oonttrol .. ....'-

',I .8,d,aess-, to the ,site o-f the-,inOident:by. exciUciing a1,1::persbha..
exe-pt., thoie'wlaos'e-yreence is -essential to,'ITIVqSi.:-gEitive" :
activities .or1.`4,7nesessar3,/ operations: I- '.. ": . : '.-. -

s' .

Ii
.._.
urQ,`', A-se.tha, tile inVestigation.w,41, not iifterfe/.0,41.th emez=

:ge'ncy. operations- of 'ithe., Field dff.ioC-Manager resiilting...from
.-'..,.4e.' ngident. .,, %'--.-:.....::1;:.:- -'-,4',.....-.-;:.*:- ''',*-

-

.
Secure aliMiriisttativ,e and oilier, support froM the Field. Offic
1%Tanager.'-' ..*:.:1, ::::.: , -,. -'-,,, .,.: -.- --..,.." '.....-,-,.

,11.. Assiire,tnef-the, Field Officer 'Mahager id. not,:relievect of any
, ..- of, his. OParatiOnal..responsiibili.ty;through. ac;tions,!of represents-

tlyes, of the Division ;of InspeCt-Onor: of a Boar's -of Investi-
'gitiOn':(see B below) ..:.41"; . ''. ..'"..' '-' -. / 1

: ...,..4. . .. '
.

..IP. .matters, relating to -inciden,tS-In _ii'0ansee Operations, as surg that
- tpe...iiiVegf...igatioti activity will be conducted in ,accordance wilt the

direction .(3,;f .the CoramiSsion..anO, in 'such' a,,manner 'as will not interfere .... . . ...

,.with the responsi.b,ilities Of tiie.;,Pire.ditor.. Of _Begulat.ion.. .. ,

grdietiori 'of the investigatIOn;:subMit detailed, factual
,

reprirt;t6..1,4 ortarrisii.gh through the.pener,al *Manager or the Directu:
"of Ps'egula-tfori,,-.as appropriate.- The repOrt _shall be in the /form pre-

b:y part IV...A.:- ,Therepor.t shall--not contain conclusions as
to. legal matitars,..dtic.hias., negligence or qUeStions, of liability on the
.part of, persons .0,1: organitaions "ifiolved. Questions as to the legal
impliaat.ions of conolusioni, in the report shall as appropriate, be
re;terrecUtoCt.he Offide ef_th.e...denere CoUnsel for advice:,

0,-
Boards; cie'/Inv.eatigatiOn.:. -

the Director', 'Divi:Sion,W Inspection, believes that his' investi-
gatiO.h.of an: incident.' sii61.1-11.be zupplepientea by the expert opinion
and adviCe of 'a BOardiroInvestigation, the Director44Division of

;Inspection, will.,qonakitute such Board, with advice from the
'Director Cif. ilegulatiOn 10' regulatory matter; and the Director.,
DiyiSion of.'Operational Safety, in matters under the jurisdiction
of the 2e:here]. Manager..
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,

..'.. .'The Director, Division of InsPection,,shall request:the General' .
Counsel :9.appoint a Counsel to the Boaia. of Investigation who shall

, attena'the- meetings" of.' the Board and.,,advise and assist it. ..- - " ., ,
The members of the :Board shall be Selected from-hiihiyqualifieci-1 ,

.

experts in the field of, the incident under inverstigatiolt who are*
employees of the'NfiC,or its contractors and shall be composed as '
followS' 4 . \

'.

. .
. .`a There Shall be, no less than three nor more than five members. ..

.

b. One or more Members Shall ye NRC emplOyees anb.,. a full time rim
employee shall be eppointed. Chairmah. of the, Board or, Investi-

;. gatiOn. .
A

,
s: a "

c. 6

. The .Director, tivislori of Inspection, and"Manager . Of Field Office,
through the 1).frectof,,,Division of Inspection, shrill assure that the

III Board of Investigation .re4eives, all relevant information .doncerning ''.._

or resulting Prom .the,. investigative efforts ofleadquarters mid "Field'
....Office staff, retpectiv,,e.

l. Y ;Vith res. peCt t. o tlie Particular inc,ident ''
%Mgr irvestigatiori. . "

of 1

. _ - I /...''. i -.... -.1 . ',

f

,. . s

5. The,Board. of..Investigation may question witnesses and. examine docuL
, meritg,,eqUipment; faci,lties, and,sites relevant 'io-the incident: ,

. .er....:. t,
6. it,, after ,reviewing. all information. furnished ancrialiing such in-.

quiries .ag' it cleenis Vece:ssary th .Boai-d of Investigation tietermiries
that additional inn:wrist-ion- ,i,,needed, the Director, Divi.siOnof
Inspeqtion, will be 'reijust0a. to tlypiin, and furnish such information,,', . . - r

T. .. After cc;iipletini its .review and, prior .to ,preparation. of its written,,,
report-, the Board of Investigatictri,Ship:.eonsult Wi,th,the Director,.
Division of Inspectioh,cOncerning the results. of its investigation ,

,.. .., ,,.,
to determine. if any ,.further, investigation -Aio.y Vie Board is., necess
or .desirable.

8. Thereafter, if it appears .that no further review.
. , , .

ction,by the.. ,

Bdard pf Iniestigation i0.n..ecessiry or appropriate,, the'Board,,shalli
prepare a detailed, factual report the. Director, DivisibtrOf '
Inspection, setting' forth the results 'of its,,,iiiiresti-grifiOn. The"
report shell be` in the form t4escrihed bypart V.A. I ,shayi not
contain conchisibns as to legal: matters, such as', negligence or,,
questions of liability on the part, of persons or, organizations in-
volved. , It shall be referred to Counsel to the Born-cr'fOr review +xiid.
advice as to legal Implications prior to submission to the Director,
piyi.sion of Inspection.



: ,Parag -raph

AccidentkIncident contrOl'and Rtpoirting..

I

`EXTRACTS FROM AI( 55-

-.

,
- '' .

'.a.... ranSportation.. Transportation as.-used in thii regulation with ,..
to

.

respect acoident/incicient reporting will,include all events for the period
of timelrom the acceptance of the itemfor shipment until .delistery to and

. , -

acceptance b_ythe.ccinsignee. For-inforiciation in connection with accident/
incident "reporting, see, -AR 38--40., !Reporting of packaging and handling

-f

"." deficj.enciesc'are prescribed iri AR 7.01Y:58.,f-
0 4

b. .Action to be, taken in;cas'e of an accident involving radioactive or
. .. will-fissile rnaterfals' (APP C): The senior,p'erSOn pres,ent will :

. .

r :', - .. .

,....

, (I) If radioactive materials .a,r.e,exPOsed or if contamination is
,. slisppct-ec4:4),exist, establish an eN'clusionarea to prevent the general public

frOin'IxpOiiiire. to radiation or contamination. Accept locsal assistance if re-
quired...The ,eclirsiOns.rea will be, maintained until the'appropriate radici-
..logCil te.thi certifies that thedingeril past. ..

.

- ....a) Take Such:other erner,geAcy action ab the situation required
fres-ae 'OperatiOns,./irefighiini; efc..). 1

I 0
.. ,

S . ' S+ ...

4 ?,

-. ,. .

...(3) Notify the nearest military installation and reques1 immediate
,a4istance, giv.ing:'pertinentinformation as follows:

..
- ,(a) IOdation and nature, of accident.

,
- . -,- It / ...,

-tb) Emergency procedures initiated.''
(c) Type mateyikals;involved and help required.

1 (d) A r.equest..that shipping installation be notified'at earliest
possible titne.

N,

O

r

.,.

(4) Notify the Deputy Chief of Staff for Logistics, ATITN: LOG,/ :

TR-TEB, Department of the Army, during normal duty hours and the DSLOG
Duty Offic-er at all other times, giving such details as are available.

.745
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(5) Prepare an on-the-scene report, which w ill detail all pertinent
factors contributing to the accident and the emergency measures initiated to
protect, personnel and property. Thia report will be submitted within 24 hours
to the safety office of the shipping installation, with copies .td the Deputy.
Chief of Staff for LogiStics, ATTN: LabiTR-TEB, Department of the Army,
Washington; D.C. 20310, and to the safety officer of the ,Aimy installatioiy
prov iding assistance. If military vehicles are involved, this report will be

'made in addition rfo the reports required by AR 385-40.
;

c. Action to be taken in case of an incident involving radioactive'
br fissile materiais (App C). The senior perssm present will

g'

(l) Take the necessary precautionary measures to protect personnel
and property andlo prevent development of the incident into accident;

(2),
rtqliired.

Notify the nearest military installation to request assistance if

(3) Notify the shipping installation and request instructions to
- safely complete mission. :

(4) Prepare an on-the-scene repoitwhich will detail the incident
emergency measures taken, and assistance-z quesfeci and rendered to

rlduce the incident. - l
,

(5) Report incidents to the safety .director of the shipping, in-
staliatioh9within 24 hiurs of the 'event.' The safety offices` will submit' a .
written report within 5 days to the Deputy Chief of Staff for - Logistics,
'ATTN: LOG/TR-TEB, Department of the Army, Washington, D.C. -20310,
and to such of.hercommand levels as ,required. This.written retort will
detail the incident emergency actions taken and the gilsiStance requb'sted and.

%
4

rendered to reduce the incident. -", '. . ,

, - , :. .
-

d. ' Reports indicated in b and c above will not be given' to local police

.

,. officers or to representativ4s of the press.. The senior man present will
pake.sual answers to the local police as are, required by law to complete,, , .

. : their'repqrt but will not discuss the` nature of the lading except to indicate
the need for the required safety measures taken. . . ' . 4

...... .. . . .

. , e. Relations with the press and releage of information to the public
concerning nuclear accidents and incidents will be governed by the provisions

. pf AR 360-43. ..
ri
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APPENDIX A

.SAFETY

1. Definitions. Alpha, REMT, and RADCON Teams are defined in AR 50-5.
. _

2. General? Nuclear and radlOactive materials, if involved in a trans-
portation accidenc,may have the paekaging'So damaged as, to "cause the
contamination of an area and become a personnel hazard. 111.-case of a
serious accident involv-ing nuclear or radioactive materials, the ranking
person (guard, courier, escort, or transportation personnel) accompanying
the shipment will take immediate steps to clear the area and request
assistance.
3. Action at-site..

a. The responsibfe person at the scene, after taking the necessary
emergency action required to protect personnel and property, ;will report by
telephone to the nearest military or NRC installation and, if needed, he will
requestaid. He will also request that the Army area he notified. rf _there ,

4s no nearby military or NRC installation from which help can Pe.secured; a
teleph6ne repOrfand request foraid will be made to the headquarters Of the
Army area in which the accident/incident occurred. Appropriate 'efephone
numbers to call for assistance will be included in the written instirctions

k provided the driver of escort commander.
. ,

b. Local police authorities may be called upon-to-assis in the control
of the area and to exclude the public to- prevent possible radiation exposures
until authorized Army control can be established.

. .

c. In the event the 'shipment is unescorted, the driver or conductOr
will be instructed to obtain assistance at the scene to maintain exclusion
of the area Until such time as other assistance is available. In event of
a Tire, *contact /4:5-al fire department.

4. Interagency radiological assistance.-

a. The Federal Interagency Radiologidal Assistance Plans, the principal
-proponents of 'which are the Department of Defense and the Nuclear Regula-
tory Commission, provides the procedures and the resources for the
expeditious supply df effective radiolo?gical assistance to anyone requesting
4..in case of a radiological accident/incident. This plan is administered
for,the military services through the Joint'Nuclear Accident Coordinating
Centex/(JNACC) located at Sandia Base, Albuquerque, New Mex'ico.

b. Any military or NRC installation receiving a request for radiological
aid will contact, in accordance with existing plan, the appropriate higher

.headquarters to initiate action under the JNACC procedures.

74"7
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c. In the event several individuals have become contaminated or the
contamination on an individual is not localized to a smell portion of the
body, the following decontamination procedure will be used:

(1) Place individual under e tepid shower.

(2) Using a mild toilet soap; individual will eover entire body
with lather.

(3), While still covered with lather, individual Will step out of

shower.

(4) An assistant will sprinkle a heavy coat of mild soapflakes all

pier lathered individual. (Purpose of lather is to cause soapflakes to adhere

to person.)

(5) Using his hies, the contaminated individual will rub'the.
soapflakes on:his body into a paste:

J 4

(6) Individual will then return to shower and attempt to rinse
soap-off of his person by starting at the top and working hig way down.

NOTE: It'will be necessary fOr individual, to rub body surfaces with his

*ids while rinsing in order to remove soap. paste. Soap paste will remain'

on those areas which have not been thoroughly washed. Although a soft:cloth .'

may be used, a brush may not. Particular attention should be given hairy
portions of the body. , -

(7) When the individual has rinsed himself to the point that:he no
longer feels slimy and while still under shower, he will be examined by an
assistant for traces of soap. The presence of soap will indicate which amps
of'the body have not been,decontaminated.

(8) After,removing all traces of soap, individual will/leave the
shower and dry himself.

(9) After drying off, indiyidual will be monitored. If individual

is still generally contaminated, procedures will be repeated.
1

44i i *
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APPENDIX B

EMERGENCY PROCEDURES '
TO FOLVV,2IN AC4pENT/INCIDENT SITUATIONS

1. Probable emergenciei. ,A radiological emergency is any unplanned event
wiliCh could adversely affe8t.the safe:moveMent of radioactive materials. A.

severe emergency could result from collision, fire, explosion, or loss of
control, e.g., theft, spillage, leakage, and misplacement of the cargo. Overl

exposure and contamination of personnel and property could be the end result.

2. Glral guidance. The priMe objective of emergency' action ist.he pro-
tection of personnee from the hazards of, radiation and contamination. Second
consideration should be the confinement of the contamination to the local
area of the,accident. Although no set of rules are available to handle every
conceivable incident, the proper adaptation of the more specific guidance
furnished below will minimize the danger to,personnel and property. In the
event there is reason to believe that personnel may have been contaminated
and/or overexposed, efforts will be directed toward locating those persons
go thatany necessary decontamination and medical assistance may be furnished.
It may be necessary to obtain the aid of,/ocal authorities td' locate person-
nel along the shipping route Yho may have been contaminated dr overexposed.

a

3. Emergencies involving colllsion, fire, explosion, leakage, or spills.

a. Danger. 'Personnel overexposure could result from increased dose

rates'. Contamination of property and equipMent could occur.

b. Immediate action.

(1) Minimize emergency, if possible. Extinguish'fire with dry -

chemical fibe extinguidher.

(2) Utilize on-site assistance in order to:

(a), Establish exclusion area. Increase distances showieon
DD Form 836 to keep personnel olat of smoke,.leakage, spillageor mists,

I
(b) Render' fiist aid. Inform medical personnel that injured

may be contaminated. -0

(e) Call for necessary assistance ram local fire,:police
or public health departments and nearest 'military r ?MC installation.

'(d) Control personnel who may becarleminated.- ----;'

.

1,. , Obtain names and addresses.
--: ,

.

2 Discourage smoking, eating, drinking, and leaving
until monitoring and decontamination assistance is aVailable.

11%
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.

(.e) Localize contamination. Example:' Leakage and spillage
on highway can be removed by sweeping or shovelling contaminated material
into a suitable container and holding for disposal. If liquid has-been, spilled
the contamination may be contained by means of dirt, cloth, saWdust, or -

other absorbent material.. Duats can be settlad,by means of a fine water
spray. < .L,

c.` Subsequent action:
,(1) Monitor and decontaminate personnel,'if necessary. See.

.7.

paragrtaph 5 of this appendix for guidance on decontamination of personnel.
AssistanCe of local health department, civil defense, nearest CBR team,
or other RAD Safety Team may be necessary..,

(2) Monitor and decontaminate property. ,(Same assistance as (1)
above may be nicepeary.) Reduce exclusion area to bare minimum.

(3) Docurnent, the emergency._
,

4. Procedures in case pf theft or-oss.
a, Notify Army area headquarters.

b. Notify consignor.
c. Notify FBI.and local-police officials if theft is suspected.
d. Attempt to redover7in case of lods.

'
5. Decontamination of per sormei.

a. If package% were undamaged, contamination is unlikely. However,
radlic instrxments are necessary to verify the presence or absence of con-

. tamination. Forvbeta-gainma.Materials,' this requires. a Geiger' Mueller
type instrument capable of cifstinguishing dose rates between zero and 0.2
milliroentgen per hour. For alpha-emitting materials, an instrument
capable of detecting 500 alpha particles per minute riefr 14 square inches is
required. Further, it should be noted that alpha radiation cannot be detected
from moist Or wet surfaces. .

b. Thoieugh Washing with nonabrasive soap. and lukewarm water is the
best general method of decoritaminatfon of the hands and other parts of the
body, regardless of contaminant. 'If the contaminant is localized, it is
often more practical to mark off the affected area and cleanse with swabs,
rather than risk the danger of spreading the contaminant by general washing.

CAUTION: Organic solvents.must be avoided a?E; decontaminating agents
because they may increase the probability of the radioactive materials'
penetrating, through the po'res of the skin. Special attention must be. given
to the areas between the fingers and around the' iails; also, the outer edges
of the hands are readily contaminated and often neglected in the washing.

75'x)
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c. In. the event several individuals have become contaminated or the

contamination on an individual is not localized to a small portion of the-

bolf, the following decontamination,proceaure will be used:

(1) Place individual under a tepid shbwer,

('2) Using Ef mild toilet dbap,.individual will cover entire body
,

with lather.

(3) While still covered with lather, individual will step out of

shower,

(4) An assistant willspiinkle a heavy coat of mild soapflakes all

Over lathered individual. (Purpose of lather is to cause soapflakes to adhere

to person,) .

. . f
(5) Using his hands, the contaminated individtalwRill rub the

soapflakes onjais body into a paste.

(6) Individual will then return to shower and attempt to rinse
soalo off of hie person, by starting at the top and working his way down:

NOTE: It will be necessary for individual to rub body surfaces with his

hands.while rinsing in order to remove soap paste% Soap paste will remain '

on those areas which have not bee;1 thoroughly washed. Although a soft cloth

may be used, a brush may.not. Particular attention should be given hairy

portions of the body. -

(7) When the'iridividual has rinsed himself to the point that he no

longer feels slimy and while still under shower, he will be examined by'an

assistant for traces of soap. The presence of soap will indicate which areas

of the body, have not been decontaminated.
_

(8) After removing all traces of soap, individual will leave. the

shower and dry himself.

(9) 'fiter dryin off, individual will be monitored. If individual

is still generally contaminated, procedures will be repeated.
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DF510. 1

RADIOACTIVE CONTAMINATION

At the laboratory located on your installation, a chemist has received a glass
ampoule containing 1.27 curies of elemental sulfur -35 dissolved in 15 cc of
benzene. This material was received in a heat-sealed all glass ampoule'sur-
rounded by packing material. Prior to'opening it, the ampoule was chilled in
on ice bath fnside of two concentric,,,eontainers. The ampoule was scored with
a carborundum chip but could notbe shapped open. Before it could'be.scored
again, it exploded shattering both containing vessels and severely contamina-
ting the operator. The operator received minor cuts on his hands from glass
that pendtrated his rubber gloves. There were also superficial cuts on his
facd around but not within the area protected by-his safety glasses. His
'uniform and the exposed areas of his'face were highly cpntaminated. He dis-
Carded his uniform', changed to clean clothes, and left his laboratory which
was then sealed.

Describe the further handling of this situation.

A

t.
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. IDENT INVOLVING A'RADIOGRAPRIC SOURCE

DP610. 2

A contractor on your installation is doing radiographic testing of some

equipment. A radiographer is fusing a new 10 curie Co -60 remote radio-
graPhi source to radiograph some pipes in a power gent under construc-
tion. From a shielded location he is cranking the source back to the
source container when it sticks and will not return. He pulls and jerks

the source;he finds-that it has become disconnected and has dropped on
the flOor. He becomes. excited and leaves,the scene to get help.

,
, .

There are 10 men, .pipe fitters, assistants and welders working in the
building.' The rediographer,says thdt he returned in approximately 20
minutes and you are there 5 minutes after It his.

. .
. .

What.is your'course of operation?

Information:

Co-60 = 1curie = 13.7 rad hr ?,,1 foot

'Ralf-life = 5.2 years

Co-60 gives off a 1:33 Mev gamma and a 1.17 Mev:gamma

753
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DP510. 3

4ADIATION ACCIDENT INVOLVING RADIATION GAUGES

A fire occurred in a two story supply facility on your installation' Involved
in this facility was a process control system using 5 beta,,gauges containing
radioactive Strontium -90. You, as RPO, are on the emergency team called .in
to advise on proper actions to take while fighting the fire and subsequent
cleanup.

.

Sources were contained on two floors of .the building and eacn source employed
the standard SIA source capsule whose strength was 10 .: 12 millicuries of Sr.0

The .source capsule model SIA is made of stainless, steel. The front widdow,
,

which iscopper braised to the body, has a thickness of 1.5 mil. The radio-
activity is deposited on a ceramic disk covered with a silicate. Tile disk
is plaCed in the capsille "hot" end'adjacent to the thin window and the threaded
plug is inserted using a silver bearing solder which has a melting point of
'4303 P.

.
.

,' a.,

The source housing is esseri

\I

ially a small aluminum box which is used to
house the source and has appropriate control devices. ,

A

Describe how you Would.handle such a situation.

Describe the proper precautions to take while fighting the .fireand during
Ileanup operations.

.

A

S
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RADIOISOtOPE LABoR.A.ToRi,itici6EdT,.iplNi-iJa.--

. , .

. As:RPO, you receive a call from the diagnqstIC laboratory' at the

-loCal military hospital. The laboratorI.staff consists 0 a radiologist'and
a technician., The lalmbratory is cleaned by the regular housekeepihg staff of
the hospital on Tuesday and Thursday nights. The ll p. m. to 8 a:in. shift

customarily performs these cleaning aUties. ,

The radiologist, has been working with. 10 millicuries of liquid Iodine -131 _

in a beaker on the stainles steel laboratory bench. On Tuesday evening before
leavinewOrk, the technici places a tight Sdtan Wra col* on the be ker
,prevent evaporation, Upon entering the laboratory at :5Q a.th.on Wed esd
morning, thetechnician discovers the beaker lying broken in, the waste basket
under a dealt amid paper desk trash. There is rib sign of the solution except
for the.white crystalline residue on_the broken glass. The floor seems clean,

of glees fragments. On the desk was a note from the night housekeeping super-
visor e5cplaining that the janitor on-duty hadknocked.the beaker off the bench
while cleining the laboratory and had cleared up'the spill'himself. The radio-

logist,immediately telephoned you.

.a. la logical sequence, outline the pNcedures.you would take in handling
the situation. . 4

b. What changes should be initiated in laboratory techniques and. manage-
meat to obviate further incidents of this kind? ,

0 ...

.
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,RADIOISOTOPB-SPILL
,

. ,- ,

,. ... -
.

At approximately il, A.M...; wa gust' of yiind ble a of radioisotopes
.

- .. . -

'aff On-arrlihefreight.truCk in a ,passenger walkway on ,the. west concourse
' tlf the airport. The package dropped in front of the truck in such a position

that the right front tire of the truck ran over the carton containing the radio-
isotopes. . Brown, driller Of the truck, placed thel damaged carton back pn

, the truck wi_hout noticing the label, and was therefoe unaware of the nature I

.1 of ;he cont nts,, even though the carton did carry a radioaciyity danger warn-
ing sign;

. . -
.

. The 114ickage was a Blank,Laboratories, Oak Ridge, Tennessee, standard cardboard
Shipping carton enclosing five metal radioisotope containers. The shipment
consisted of: : t

,

.,

-Three containers, Orioiodide, Iodine' -131 - 5 millicuries each; one
container, Chromic Radiophosphate.sterile Phosphorus 32 - 10 milli-
curies, and one container, Sodium I6dide sterile Iodine-131 - 10
millicuries.

At approximately 6: 3Cia..m., Mr. Adams, airline cargo service representative,

noticed ttr4-radioactive materials label and realized the nature of the acci-
dent. At about'7;*20a.m.,he telephoned advising the local military installa-
tion and you, as RPO, were of the accident and that the contents of the
carton were crushed and lea ing. Four airlines personnel had come in contact
with the package in addition to Mr. Adams and Mr. Brown, the driver of the
track. Mr. Brown was nauseated and vomited. The whole grb4p was' emotionally
upset. None of the others had been observed to have any physical symptoms.

If you thought to ask Mr. Adams hoW many people might have been exposed to
contamination from walking across or through the area of the original spill
in the passenger-walkway, he would have told' you he did not know how many
hundreds of people might have walked through the ores. Since the area had
not been roped oU,'hundreds of people actually had walked through.

If you had asked Mr. Alams what had, been done with the carton after the acci-
dent occurred and if any other employees might have been exposed, he would
have told you that Mr. Brown, the truck driver, had picked ,the carton. up., put
it back on,his truck, taken it to the airport terminal building and put it down
in an airfreight room. In addition, at this time of the morning, there were many
employees of the airfreight line and other airport terminal employees coming
and goi

Outline
cedures
1thisnel

di)

r a'

ft
1.

11appropriate course of action i l ding environmental oont of pro-
If the amount 9f activity , were t o-or threefold greater 11'613 would ,

your course of action?'
'

I .

1

7 1 i II
i ft i )1

ti
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RADIATION ACCIDENT INVOLVING LOCAL ASSISTANTS ,41r1I.
.

Yoh arethe RPdiological Safety Officer at a military installation near a
university locatedin &communit of approxiiately 35006 eOle.

The installation Provo-st Marshal received a callfrorn the local police re-
questing assistance at an accident. There is a fire in a small independent
Iradolegicallatoratoryion the outskirts of town. The Provost Marshal in-
Wats tne.installation CO and he directs you to render 'all possible assistance.

47

The laboratory is a two-man operation owned by two former university 11.Oes-

. sors who nave gone into business for thepselves and they have been doing radio-
''41logical nuclide analysis, instrumentation calibration, and. some industrial

radiography. .

-..

.

The reason fOr the call was that one.ofgthe policemen noticed a radioactive

material sign on .a beaker. The policeman also noticed that only one of the

ioperators chit Oe located, but he is in an unconscious state and can t answer.

. any questions- .,

.
.

. The po34cemenyOuld.elike foryou to come to the site.and.tell them if there is
eprobletn.at the laboratory and what can be done to minimize it.

You organize q f-i'Ve-man team and proceedto. thecsite. When you arrive, the

policemen are present but the medidgl emergency people have not arrived.
S. 0

.
. . ..

a. .Outline the`approach you should use, in the sequengy of occurrence.
1 ...

b. What information is necessary to protect the general public and to
give the policgmen a complete picture of the situation?

. .
.....--.4 .

C. Ahat dedontamination, if any, should be,taken?

k
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RADIATION ACCIDENT INVOLVING '.
'A LABORATORY,SPILL OF AN ALPHA EMITTER ,

DF510. 7

You, are the chemical officer .at a large military installation involved in
research and development work. There s a large laboratory located on

I this installation With a regularly assigneli health physics officer. This
health physics officer is away from the installation for a 4-week.period
attending a training course at Oak Ridge, Tennessee. You, as a radio=
logical safety train 7d individual, have been detailed to fill in for this
individual until 'his (return.

v.'

--.,

1The laboratory is made up of a series of Stainless steel ined rooms opening
on a center hallway. Each room has a separate independent ventilation
system. At about 10:00 o'clock one morning, two technicia s, a lieutenant,
and a specialist started working on a project in which they u ed a dry
thorium radioactive material. There was a health physics t(E ) monitor
present during the operation.

At lunchtime, the three individuals washed their hands and-were monitored
out of the lab using-a hand monitor. They all went to lunch. After lunch, the
health physics monitor discovers contamination on the bench in the lab and '

upon further investigation, contamination on the floor and out in the hallway
is found.

An immediate call was placed to the HPO office and a. man on duty responded
with a beta-gamma instrument. You arrive and take the proper instruments
to the laboratory. About this time, the lieutenant returns from lunch and you
monitor him, finding contamination on hi's head, hands, and uniform.

In the following questioning of th three in .ividuals, the EM,monitor went
to the local messhall, ate lunch, an return d directly to work; the enlisted
technician went toliis hoMe, on post, to 1 ch and returned directly to
work; the lieutenant went to the Officer ub, where he cached a check, then
went to the BOO, where he fixed a sandwich for lunch. He ate.the sandwich,
dranka,glass_of milk, and laid on his hq while he read the morning news-
paper. He then returned to work. ° . ..,. ..a. Outline your course °factin asto,the contamination in the .
laboratory.

b. ,Outline your course ofaction on outside contamination.

c, What type Of alert, if any, should.be issued to the pos ?
.

/.

,
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0 RADIATION ACCIDENT INVOLVING

AN ESCORTED SHIPMENT OF RADIOACTIVE MATERIAL

DF5 10. 8

You are the RPO at a Government installation located near a major through

highway. At 10:00 o'clock one morning you receive a call from the State

Highway Patrol stati that a truck carrying a military shipment of radio-

active material has c ht fire a few miles from your ihstallation. The

driver of, the truck h .written instructions to contact the nearest military

installatio in case of an accident: The patrolman requests immediate assist-

ance. A hurried call to the installation oferati6nS office' gives you clearance

. to proceed. You immediately organize your staff 'and proceed to thp scene.

The fire was first detectes1,by the truck driver when smoke was observed emana-

ting from the trailer. The, truck wa:s,iMmediately.halted and the tractor ft-

Coupled, while the local .fire department was summoned. Fire extinguishers

from the vehicle.and other trucks who stopped to assist were used to combat'

the blaze.. The,local fire department responded promptly,, and, with their aid,

the blaze was extinguished in approximately.i5 minutes.
. .

Part of-the pargcrwas aigagoline-powered generator: While it could riot be

determined.that this- was'the source, the probability is,that a spark could have

originated from the starter battery and started the fire. .

e :.
.

a. What are your immediate actions? .4

It

.b. 11What-.cantroi Aould be initiated and what assistance may be needed?
,

'
. .

p

4

'

Y
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RADIATION ACCIDENT INVOLVING
'-A TRUCK SHIPMENT' OF SOURCE MATERIAL

DE510. 9

Je I

In your capacity as RPO, you receive a call for the local highway patrol on
an accident-which has occurred on a major highway near your' installation.
The request'has been cleared through the installation Qp and he has dir4cted
you tolrendier all assistane pOssibte. ;.

The accident involved the collapge of a trailer due to structural failure,
though.the load was within the. rated weight limits, The trailer cArried 24"
bdxeS of normal uranium slugs, weighing 37,000 pounds, and up6n calapse of
the trailer, theitruck jackknifed into a ditch. Twelve wooden boxes of slugs
Were thrown on the 'road, five boxed broke operi, and the slugs were 'scattered
on both sides of the road.

,
4

The highway patrol has kept the traffic moving, otherwise they have sealed .

.,. off the area.
' ,

. .
a. What are,eyour immediate-instructions to the highway patrol officer?

'

b. What actionswi4 you take when you arrlve on the site? ,

4

.

0
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RADIATION INCIDENT INVOLVING
20NTAMFNATION OF LOCALLY USED EQUIPMENT _

bF510.-10

In your routine dilties as RPO, you have members of your organization pick up
and move contaminated equipment to a safe storage area. Some, of the contaminated

equipment was packaged and monitored.and then placed in a Government-owned
pickup truck for onsite transport to the storage area to be made on the follow-

ing de0. A ranstorm during. the night submrged the package in water, and

it was in turn, penetrated by the,water. During transport oe,he package the
following day, the water leaked froth_ the package, contaminating the truck bed

and chissit.

a. What is yolir course of action?

b. What corrective measures 0 you recommend to prevent a recurrence
of this incident?

:t
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' RADIATION ACCIDENT INVOLVING .

AIR SHIPMENT OF RADIOISOTOPES - Ca-45
:!?

"In A routine transfer of packages received at a local air tOminaL eon of

...,
.

the packages fell from the truck as it was being driven across -the runway to
another building for transshipment.. As-the package Ilay on the runway,, it was
-run over-tra-commercial aircraft taking off on a routine flight to a neighbor-
ing state. The freight official discolvered the package lying on the runway

tand cp ed the fire department located at the airport. The package was picked
up by t e firemen and transferred to a, remote building on the airport munds.
This transfer was acdomplished by'use of a shovel and a large wooden 134

.../
obtained from the freight office. The label on the outside of the pdckagie
states that 118 mi)licuries of Ca,45 is in the package.

A call is placed tail your installation requesting assistance and you, as IIPO,
are to respond. j

, .

a. What instructions should be given to the crew at the building
containing the package prior to your arrival? -

.

. 4

. DF510. 11

b. What procedures snOuld be followed upon your arrival?

4.

4.
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- . RADIATION ACCIDENT. INVOLVING` 1 ' I

'--

A TRUCK SHIPMENT OF WASTE MATERIAL

During.a routine shipment of,(animal experiments) waste to a burial site, the

tractor-trailer'stalled at a local filli station. At tha't time, leakage

and odor 'Jere_ noticed` coming from the t ick, and the military installaqon

near the scene was called.

INyou, as,FPO, are directed to investigate and to render all assi4ance possible.-

4*

Upon arrival at the scene, it is determined that one of the 23 drums Molved

bias ruptured due 0,..sinternal pressure en route. You monitor the material which

has 'leaked from phe truck and determine the radiation to be low leyel gamma

only and the reading on this material is 1 mr/hr.

Atthis time representatives of the local newspaper arrive and request a state-

ment' from you.

a. What actions'are necessary to control the Intamination problem?

b. What type statement should you release to the newspaper?

e

,
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I RADIATiON_ACCIDENTLL _ - f

fNVOLITING OLD CONTAMINATED EQUIPMENT

DF510. 13

*op

`You have been recently assigned the duties of RPO for your installation.' You
have a staff of four technicians working for you with the maximum.amount Of
service in these jobs being only 18 months.

Alt

Youl'receive a call troi a medical warehouse supervisor requesting assistance_
One 'of his men found in an old storage warehouse some items under a. tarp which were
-marked with a radioactive warnin4 sign, He immediately left the warehowse
and reported to his supervisor, who, in turn, called you.

'You ;set two of your staff, gather the proper instruments, and proceed to the
scene. Upon arrival, one of your staff monitors the warehouseman and finds no
contamination. Further' investigation of the warehouse reveals Low level beta -
gnna (2rmradihr) contamination on the floor near a set of remote ms ni ulator
arms. The arms are contaminated with a beta2gamma emitter with readi of up
to 20 mrad/hr on contact.

You 'question the Supervisor and learn that no equipment, has bee emoved or
placed into this particular warehouse since he has Worked. in this area (approxi-
mately 7 years). No one'else halt any knowledge ofthese.iterns. All records
of storage have been retired or destroyed. You are able to locate the property
holder asbeing_an agency on the installation. From this agdncy you learn the

,

items were stored approximately 10 - 12 years previously and the contamination
is pfobabty Cobalt-60.

...0 a. 1Thatt.are your future actions regarding the contaminated equipment
and the-warehouse?

b.,1, What action should be accomplished
0' type of cbntamination2

ad-_far'as 'documenting the time and

c. eWhat ptedautions should be adopted to pr'eventftfuture occurrences?

0

0



RADIATION ACCIDENT INVOLVING
_A TRLVIC SHIMENT r SOURCE MATERTALS

DF510, 14

A semitrailer containing drums of uranium chips (metallic) was parked at Your

installation motor pool on Friday noon to be moved to its ultimate destination

on, the following, Monday morning. During a routine inspection by a motor pool

guard ,in the early evening, the trailer was found to be secure. On repassing

the trailer 2 or. 3 minutes later, the guard noted that the trailer had

burst into flaes. The blaze was extinguiSted by the local fire department.

At this point, you are contacted and, in turn, call your assistants who respond,

bringing anti-contamination clothing and various types of radiacmeters.
..'

Upon arrival, you find, the fire has damaged the trailer (privately owned) in=

cluding destructio of interior body paneling, four tires, tarpaulin one -

third of the -,flo ing, and break and lighttsystems. Examination of the drums4>
-containing the uranium. chips reveals that, lids are off several drums,ai3 if by

explosion, You are able to get the bills of lading,from the tractor cab.

a. What are your immediate actions to control the scene? No_emergency

.crew has left as of this time.

b. What are your actions "IsRzard the cargo of the'truck?.

.1
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RADIATION LOCIDENT INVOLVING .

STUDENT CONTAMINATION OF LABORATORY

DF5O. 1

You are the'Rrdiatioi Protection Officer it-an installatibn involved in train-
.ini4 of in13.1.vidualsAqing radioactive material.

In a routine clears using G old-198; students mus perform-decontamlnaion of I
radiation contaminated plates. This exercise relquires the students to com-
plete the operations required, monitor thislarea, 'and be monitored out mfthe4
laboratory. At the completion of the exercise, these fun were done and.
the students vere. released..

The safety officer during the operation checked the area and found. contamination,
on some-student work benches. Your office was notified and further checked by
your staff reveals heavy contamination of several spots on the floor and lighter.
contamination on the work bench. Evidence of contamination is discovered in
the hailvay outside the laboratory: All instructors are. monitored and fouild to
be clean.-:It is now 1700 hours.

a. What is your course of action?

b. What modiflcatIon would you recommend to eliminate future occurrences?

0
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'1

RADIATION'ACCnENT.INVOLVING

7
A LEAKW SHIPMENT, OF RADIOISOTOPES

S

DF510: 15

4

A radioisotope shipment ofAitloium.45 is received at your installation. In /

accordance with your local SOP, members of your staff'monitoi and wipe test

the external surface of theaOtage. No evidence of contamination is found

so the package' is turned over to the user for unpackaging and4hltimate use i

as outlined in the SOP.

Two members of the user agency, a lieutenant and a specialist, unpick:the

radioisotopes. They find the glass vial in the packagj to be completely

empty and.the absorbent material to be claw. The matirials are-placed in a

radiation hood equipped with a positive displacement filter and a negative

airflow: The two men remove the rubber gloves, wash their hands, and monitor ''":"`

out of the preparation laboratory.,

'Several days ater, the specialist and a civilian employee are using the same-

room to contaminate disks for a class insdeterminatIon f unItnown radioisotopes.

The front part of the hood is in use and the operatio i completed. In ---

accordioce with the SOP, the hands and feet of the c vilian,are monitored.

tontemitatioh igkfound on the heel of one sho4

Your officeis immediately notified and a check reveals contadinatioh,on several

spots on he flow, in front of the hood and contamination, leading out of the

doorway into the hall.

a. What are your.tmmediletctions?

b. What areas should be checked?

c. What actions should be taken toprevent recurrence?

I.

k--4.-
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DF540, Corrtputational. Procedures in Physical Sciences

I. Reference: None.

II. Lesson Plan Outline: None.

'III. Handouts: None.

IV. Problems:.

Class and Home.Study Problems.,

1. WhAt radioactive materials are always present in the atmosphere?
What is their origin? .

,

w.

..
2. A

f
samplA as taken of airborne particulate radioactivecontamina1

tion. Four bouts after the sampling was stopped, it measured
53,800 cpm. Twenty hours later *(after the first count) the sample
measured 45,200 cpm. The background count was 26 cpm. What is
the number of counts which may be attributed to long-lived isotopes?

6r)

796
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3. A-long-lived airborne contaminant measuredg20,000 cpm. The sample

was collected'for 3 hours using a samplex With a flow of,?0 cpm.

The combined efficiency of the sibpler and detector was 10%.- What

is the concentration in gi/ml of the contaminant?

A

4. If the above contaminant is insoluble scandium -4b, is.,7this con-%
centration greater than the limits for an unrestricted area?

A restricted area?

770
797

4
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5. You, as disposal officer, are given a 100 ml, sample of liquid
* from a-storage tank containing Cesium-134 in solution. After

evaporating the material, you find the residual solid gives a .
reading of 45.cpm on the scaler. At this counting ratq, the
scaler is 0.10% efficient. Can the solution in the storage tank
be disposed of through the sanitary Sewage system? Assume that
the total amount of material for disposal is less than 1 Ci.

4

S

r

t

I

ti

771:
79.8
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40.

r

(

6. You as disposal officer are-given asmall amount of/liquid solution

containing
64

Cu dissolved in it. The reading you get on this

sample after all corrections are made is 300,000 disintegrations

per'minute. Y0,11 wish to.dispose of this nuclide through the

sanitary sewage system. What action must be taken?
"

diP

0

7. 4 soluble nuclide was accidentally spilled and the decontamination

resulted in the cgllection of 50 liters of water. The nuclide was

determined to be 28Ni and the reading before decontamination was

480,000 dpm.. Would it.be permissible to dispose of this water

through the sanitary sewer?

F

72
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51
8. A 200 mCi'sample of

24Cr is to be shipped.

a. What transport group does this isotope fall under and what
would be the most economical type package?

b. 'How much lead must be used to allow shipment of this material
as a Yellow III label item? The package used measures 0.5
meters to a side.-

_773
800
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9.

J.

. .

You, as Radiological Safety geficeri We''been asked to check
lo5

container to shp 1 Ci of 740s./Yol,rdecide to use lead as the

inner shielding; container. R6w
0s., /'Y

would be required to

ship this package under radioactive Yellow III label requirem

without a waiver, if the package is 1 meter to a side?

A

wo.

74
801

.



10. You have 30 curies of Au-198 in liquid form that you wish to ship
withbut a waiver.. The material can be kept in a safe storage
vault until ready to ship.

. /

a. What transport group does this fall under, and what type' pack-
age.J.s needed?'

b. If you want to use a Yellow II'label, how much lead shielding'
is peeded if the container is to be 0.5 meter on each side?
(The liquid is contained in a plastic bottle which Stops the
beta particles with negligible production of bremsstrahlung.)

775
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c. If. you had only .t.re.A packages available to you, what actions

'could youltake to ship IA?,

d. What is the transport .index for original shipment (refer to

part b)? Is this within the acceptable limit?

)

776,
803

4



11. Is it possible to ship 198 Ci of cobalt -60 under Yellow III label
in a type B package measuring 0.5 meter on a side, without a waiver?
Assume that lead is used for shielding. NegleCt dose rate buildup.

777
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12. What'size container would be necessary to ship the radionuclide
in problem 11 under radioactive White I label without any

shielding?

0.

778
805

or,



An airboine sample gave a count of 256 cpm,after 4 hours, At 28
.hours the count was 218 mpm. The background'count vas6 mpi. The
collector was 80% efficient; the counter was 5% efficient. The
volume of air filtered was 10,000 cubic feet.

a. What is the airborne concentration ofthe long-lived radio-
.

active component, expressed in pCi /mi?

AN.

(

b. If the radionuclide ii unknown, does the concentration exceed
the limit for en unrestricted area?

, J.

1. 57



F.

A 5 mCi sample of technetium-96 is to shipped.' You would like to
ship the material under a Radioactive Yellow III label without adding
shielding or securing a special exemption from the AEC. What is the
minimum sized container that may be used?

ti

-)

sit
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.

09

15. For determining source strength and the effect of shielding,
what energies and percentages should be considered for a temple of
iridium-192?

gib

5&
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i6.

A

Your laboratory utilises the following radionuclides in quantities

not to exceed 100 mCi in activity: Cerium-141,.rubidiuM-86, mercury-

203, and-gold-198: You haveuncovyred in.unknown radioactive source

that registers a dose rate of 5.5 mradAir at.2 meters. 'What is the

radionuclide! What is its activity, in mCi? (Assume the unknown

source is a single radionuclide. Assume.the.dose rate is only due to

gamma radiation.)

4.0

782
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4..".

1?. a. Can 1.5 mCi. of silver-104 be shipped radioactive.Wbite I lab -1
in a type A container measuring 0:5 meter on a side without ing
any shielding?

4

b. Can the material in part- (a) be shipped radioactive White I label
in a 10 cm thick lead container inside a'type A package measuring
0.5 meter on a tide without requiring additional shielding?

S

733'
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18. A 1400 2aCi of arsenic-73 is to be shipped. You you'd .like to ship the
material radioactive Yells:* 1..1 label in a. type A container taeasuring
1 meter on a side. How much lead would be required to shield the
sample to meet. these requirements?

11

811
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19. The dose rate at 5 meters from a source of zinc65, which is contained
within 2 am thick aluminum, is 10 red /hr. What is the activity of the
source in ca?

.

r

7 3 5
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V. Solutions:

1. Radon and. Thoroa ,

(2Pln .9211n)

They are descendants of 226,Ra am& 228th (see page 363, Pam 25).

2. Crz, si

g c $
_2_1.
1'

C2 ale 45,200_;-"
-

Cl ir 53,800

0 = 0.270,fo; At is 20

In reality we-should-subtract J. background count from 45,200 cpa

and 53,800 cpa to get C and C2. Since 26%pm is such a moll

number in comparison with 53,po0 and 45,200, it will not asks mash

difference in our answer so we viii neglect it for this problem.

1.42,4_2_20 - (53,8°012A/21

1 - 0.2TO

42j_200.z 141500
0.73

11122
0.73

= 42,000 cps'

cpa

4-"./

3. Pi/al v x if x 4
x 4.505 x 10'7

v in ml) l'

813
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60 min 20 ft3 2.83 x 104 mlv = 3 hr x
hr min

ft3

3.6 x 10
3
* 2.83 x 10

4
ml = 102 x 10

6
ml

Er x E
c

.= 10% 0.10

2 x 104'x 4.505 x 10-7.pCi/m1 -
-1

10 x 1.02 x 10
8

= 8.83 x 101° pCi/m1

4. Yes. No.

5., Efficiency,

dpm

22M
dpm

45 cpm
0.001

45,000 diorm'x ;1-912 =0 sec

= 45000 dpm

750 dis/sec

750
dis 10

6
pCi

2.03 x le;X ggi
3. r

sec 1 ciA
lu dis/sec

2.03 x l0
"2

pCi
2.03 x 10

-4
.J.Ci/m+100 ml'

From Title 10, Part 20, Appendix B

Table I, Column 2 - for'
134

Cs

halie3 x 10 pCiiml

2.03 x 10
-4

< 3 x 10
-41

Yes, story tank dilution can be disposed of through the sanit
sewage system.

6. Correct reading to pOi

300,000 dis/min
60 sec/min

- 5000 dis/sec

5 x 103 dis/sec

3.7 x 101
0

dis/sec/Ci
= 1.35 x 10-7

From,App B From App C
64
Cu Sol ,

64
Cu

1 x 10
-2

pCi/m1

787

100 pCi

814

Cl or 1.35 X 10-1 pCi



if
From App C

100uCix10 1000 gCi

we have 1.35 x 10
-1

Pui

It can be disposed of by dumping, if it meets theix4quirement of
A.

dilution with the monthly water supply.
. . !, 1

ll

- 13.5 ml of water dumped in
;

It* that month.

.t.
0

i 1..11

.

1.35 x 10
-1

gCs

1 x 10-2 gCi/m1

to allow disposal.

7. Correct reading to gpi

48o,00o dis/min = 8000 dis/sec
60 sec/Min

2.16 x 10 curies 04.1p x 10- gCi.8 x lo3 dis/sec 7 2A et e 1 11

3.7 x 1010 dis/sec/Ci I kL

From App B From A C_

Table I, ,Column tI Sol 100
,

65 -3- 4 x lo-3 gCi/m1 We have 2.16 1 ?1_11,Pi - meets
100 uCi x 10 -:.. 1000 pCi

the re q iiement. .

To meet the dilution requirement ,e!

''.I

2:16 x. 10-1 140i I

0.54 k 102' cal or 5J ml of water.
4 x lo 3 4ci/mi

. P.

si. ;'',F

The total water uh;d was 50 liters. If this is the average daily

sewage water,. it fan be dumped. A .

8. a. This radioactive material is a transport glLup IV item. The

most economical type package would be type A since it falls

within the limits of this -Wpe.

b. Calculate the source strength.

S = 0.56 nCE

S = D.56 x 0.09 x 0.3198 x200

S = 3.22 wimp

Since the package is 0.5 meter to a side, if the source is

located in the center, it will be 0.25 meter from the nearest

side. d = 0.25 meter.

815
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C

v.

410

=

,R

mb

S

d2

3.22 mrhm
= S

(0.25)2
(1;25)2

3.22

0.0625

R = 51.52 mrad/br
at the surface

R 3.22

1.56 .

R = 2.06 mradihr at 1 miter from
the surface

No shielding is required since both

Calculate the source strength.

S = 0.56 nCE

S
1

=, 0.56"x 0.14 x 1 x 0.875

S1 0.0686 rhm

S
2

= 0.56 x 0.80 x 1 x 0.646

S
2.

= 0.289 rhm

S
t

0.0686 rhm + 0.289 rhm

S
t

= 0.358 rhm

Find R at surface

d = 0.5 meter

S
a2

0.358
R
o

=
(0.5)

0.358
R
o 0.25

A
o

= 1.436 iad/hr at surface

= 1436 mrad/hr

200 mead /hr

'B164

789

requirements are met.



64.

i.

c

X1
2

2
n

=

=

0.693 n

n

2.

X

=

=

=

0.693
0.930

0.745 cm

1436
200

2.9 (2n Table)

X
Xi

41.

X
0.745 cm-

2.16 cm

2- = /118

'oe

g/P for 0.875 Meiramma in lead = 0.0819 am
2
/gm

-

g = g/P X.P.= 0.0819 cm x 11.35 = 0.930 cm
1

0t

Find R at'l meter from surface
4

d = 1.5 meters 'n = 4.0

=
0.358 X

R =
.o 2.25

n
Xi
7

X -
R
o

= 160 mradihr 4;0 =
0.7

R F 10 mrad/hr X- = 2.98 cm .

2 =
n 160

10

2n. = 16.0
.

To meet all requirements, 2.98 cm of lead must be used'on a

side.

10. a. This is a transport group IV item. A type B package must be

. 'used since the limitfor type A
packages (20 Ci) is exceeded,

but is below. the limit for type B (200 Ci).
0

b. Calculate the source strength (from page 405, Pam 251,

S = 0.56 nCE

S = 0.56 x 0.99 x 30 x 0.4118.

S = 6;84 rhm = 6840 mrhm

alc1);

790
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Surface-Requirement 3 ft (1 m) Requirement

0.25 meter d = 1.25 meters
S

SR/ od
2

d
2

-e

684o 684oR
o

- a
(0.25)

2
7.75)

d =

Ro =

R
o

=

R
o = 109,440 mrad/hr

Reduce to 10 mrad/hr

g/p for 0.412 gamma

0.400 0.231

0.10
0.500 0.161

10.0.12 IX
O. 4 12 pip

1.-

R
o

= 4,360 mrad/hr

Reduce to 0.5 mrad/hr

= 0.223 cm2 /gm

O. t

0.012 X
0.100 0.:070

X = 0.070 x 0.012

0.100
/' X = 0.0084

11/P = 0.2310- 0.008

= 0.223

g = g/p x p =
t
0.223 x 11.35. = 2.53 cm-1

0.693 0.693
0 274 cmXi =

g 2.53

At Surface* At 1 m from Surface

R
o

= 109,40 mrad/hr R
o = 4,360 Mrad/hr

R = 10 mrad/hr- R = 0.5 mrad/hr

X1/2 = 0.277 X
1/2

= 0.277,
. ,

2
n 109,a

10440
4360

= 8,720
2 = = ,944, n _.l 0.5

1.8

. .791



n' = 13.5 n =2. 13.1

X = nX1/2 = 13.5 x 0.274 X
nX112

r

X 3.70 cm X =0 3.59 cm

13.1 x 0.274

- To meet all requirements 3.70 cm of lead must be used on each

c. (1) ,Allow the isotopi to decay in,the storage vault until its

activity is 20 Ci or less. Since the half-life is only

2.7 days, it will take less than 2 deys_for, the desired

level to be attained.

(2) The isotope can be divided and shipped in two separate

type A padkages, The activity in each would be 15 Ci,

which is within the limit. ,'

d. Transport index is 0.5. 7hisis within the'acqeptahle limit

(50)

7 2
819
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11. Data on °Co (page 389, Pam 25)

y energy (total) - 2.5057 May (99+%)

0- energy . 0.319 Mev (99%)

sr 0.56 nCE

28 0.56 x 0.99'x 198 Ci x 2.5057 Mev

= 275 lihm

= 1.85 x 104 nCZE2%rem

.= 1.85 x 10
-4

0.99)(198)(82)(0.319)2

. = 0.302 rhm -

= Sbrern

= 275 + 0.302 = 275.3 rhm,

Surface requiiebent d =. 0.25 m):

Ro
d2

0.25 M

h 6= 4400 rad/hr = 4.... x 1-0- mrad/hr

2n = Bo
fr

'I'
..

,= 4.4 x 10
6
mrad/hr

.;

200 mrad/hr

2.2 x 10
4

= 22000 3

n 14.5 (2n Table)

1,

IN!



1 11 for 1.332 Nev. m 0.0581 cm2/414.

1

P 4 11:35 gm/mM3
2

g = 0.0581 EE x 11.5

0.659 cm-1

X1/2

'

0.6 0.659 an

r.
.-14.5 x 1.05 cm

15.225 cm

15.225 cm 425 cm. Conditions-in problem ate,possiiile for surface

requirements.

One meter requirement (d = 1.25 al) :

R
o

176.2 rad/hr 762 X 105 mrad/hr .

R
2
n

o

2.762 x 105 mrid/hr
=

10-mraci7Er

m 17620

14.2 (21! Table)

X nX1/2

m 14.2 x 1.05'cg

14.9

la

821
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.

14.9 cm < 25 cm) Conditions in problem are possible for 1 meter
requirement.

Yes, problem conditibns'are possible, but obviously not practical:

12. From problem (1):

R
o 0.5 mrad/hr for White I label

d
2

=
S
R
o

2.783 x 105 trhm
mrad/hr

= 5.566 x 105 m2

d = 745 meters

side of container = 2 x 745 meters = 1490 meters

Again, righly impractical.

1Y. a. C1 = 256 cpm - 6 cpm = 250 cpm at 4 hours

02 = 218 cpM - 6 cpm = 212 cpm at 28 hours

4) for (28 - 4) =,24 hours is 0.208

C C 0C
LL

= 2 1

202 cpm

ml = (ft3) x (2.832 x 104)

= 10,000 ft3 x 2.832 x 104

2.832 x 10
8

ml

, dis /min. -ml -

C

y(oo.). x Eft, x Eft

202 cpm .

2.832 x 108. mi x 0.8o x o.05

1.783 x 10-5

822
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0

- .

mCi/m1 = (die /min -ml) x 4.505 x 107)

= 1.783 x 10- x 4. '' x107

. 8.03 x1012
............. ,

b. Title 10, Part 20, Appendix B, Note 2, establishes 2.0 x 10
gei/m1 as the limiting value for <an unknown radionuclide for

Table II, Column-4lower-limit for unrestricted area).

12
8.03 x 10

-
uCi/m1

-
) 2.0 x10

-14
uCi/m1

The concentration does exceed the limit for ancunrestricted area.

14. '.Data on 96Tc"(page 274, Pam 25)

energies - Total

0.32 (5%)
0.778 (100%)
0.81 (84%)
.0.851 (100%)
1.12 (16%)

S = 0.56 CC UE

(0.56) (5mCi)r(0.05)(0.32) +
(1)(0.778) .4./(0.84)(0.81) + (1 0.851) +

(0. (1.14

(0.56)(5mci)(0.016+0.778+0.68044-0.851+0.1792).(0.56)(5ei)(2.935)

- 7.01
/

Surface requirement:

d
2

=
7.01 mrbm

0

= 0.03505 m
2

mr

d = 0.187 meter

container size = 2 x 0.187 = -0.374 meter-

/
One meter requirement:

S

.01 ruble )

d2 a w =

0.701 m
2

d = 0.838 meter

Container size 6 2 x,0.838 = 1.676 meter.

Use 1 meter requirement. Minimum size of container is 1.6/6rn

22L21±!
823
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15. Refer to page 403, Pam 25, for energiev.and percentages for source
strength.

0 energy and percentages

0.672 Mev (49%)
0.536 Mev (42%)
0.24 Mev (4.5%)-

Refer to page 403, limn 25,
for maximum beta energy-
for shielding - 0.672 Mev.

Neglect 0 0
+

and y energies at less

16. Data on
7141

Ce (page 401, Pam 25)

y energy - 0.1453 Met (70%)

Data on
86

Rb (page 391,10am 25)

7' energy - 1.078 Mev (8.8%)

Data

Data

201_
-mg (page 405, Pam 25)

y energy - 0.2791 Mev (100%).

on
1
98Aug (page 405, Pam 25)

y energy - 0.4118 Mev (99%)

Neglect all-particulate energies.

S

d
2o

S = R
o
d
2

= 5.5.mrad/hr x (2 m)
2

= 22 mrhm
..""

7 energy and percentages

1.20°99 (4.5%)
0.92087 (42%)
0.78454 (49%)

0,6904 (3.9%)

Refer to page 342, Pam 25,
for maximum gamma energy for
shielding - 0.612 Mev.

than 3% frequency.

Calculate the activity of each of the radionualdes;aquivaient
source strength of 22 mrhm.

I

g = 0.56 nCE

c
s

0.56 riE

824
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0

3 "

141
for Ce:

C
22 wiria

ry

x 0.7 x 0.14543 Mev

25 386 riCi Impossible (3,100 mei)

for
86

Rb:

22

0.5t x a. x 1.078 Key

414 aCi - Impossible

201S.k
for ng:

0 22 lafts
C

0.56 x x 0.2'791 Mew

141Ci - Impossible

for
198

Au:,

C
22.mrbm ,

0.56 x 0.9 x 0.4118 Mev

96.4 mCi
inpe

Thus, ''4u Must be -the'unknown radionuclide.

17. a. Data on 108mAg (page, 282, Pam 25)

7 energief 0006 (5%)
0.434
0.614 9C4)
0.722 90%)

0.56 CZnE

(o.56)(1,5 mci)t (o.0)(o.o8)+(o.89)(0.434)+(0,9)(0.614)+(o.9).0.7221

(0.56)(1.5e0(0.00440.386+0.553+0.650)

1.339 aria

798
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.1

,

s

d2

1.339 trhm

(0.25 m)
2

= 21.4 mrad/hr

Radioactive White I label
be less than 0.5 mrAd/hr.

6

requires that the surface dose rate

Thus, this source cannot be shipped under a White I label.

b. R
o

= 21.4 mrad/hr

R =

X = 1 cm

Use E
ym

= 0.722 Mevax

g/p = 0.1027 am2/gm

g = wip x p = 0.1027 cm
2
/gm x 11.35

= 1.167 cm
-1

Xi

n

2
n

R

0.693 0.693

167 cm

x

Xi 0.594 dm

= *32 (2n Table)

= '0 21.4 mrad/hr

2n 32

0.669 ma i/hr

0.594 cm

5.05

given?

Thus, the source cannot be shipped radioactive White I label
when we consider 3 cm of lead shielding since the dose rate
is greater than 0.5 mrad/hr.

826
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18. Data on 73,As (page 256, Pam 25)

7 energy - 0.054 Mev (9%)

No particulate energy.

S = 0.56 nCE

= 0.56 x 0.09 x 100 rei x :054 Mev

= 0.272 mrhm

Surface requirement:

S 6.712 taibm

(0.5 m)2

= 1.09 mrad/hr c 10 mrad/hr OK

One meter requirement:

s

2

0,272=bm
o (1:.5 M)2

0.0121 mrad/hr

0.0121 mrad/hr 4 0.5 mrad/hr OK

Thuslno shielding is necessary to meet Yellow II label requirements.

19. Data on 65En (page 390, Pam 25)

y energies - 1.115 Mev (49%)

R = 10 radihr

X = 2 cm.. a

0.0587 cm2/gm

= 2.699 gm/cm3

p = = 0.0587 cm2/siox 2.699 gm/cm3

-1
0.158 cm

0.695
X1/2 =

A 0w158. cm

0.

- 4.39 cm
827
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n = X 2 cm
737c-mX1

/2 ,4
4

= 0.456

2 1.415 (2n Table)

R
o R x 2n = 10 rad/hr x 1.415

14.15 rad/hr

%R
o
d
2

= 14.15 rad/hr x (5 m)
2

354 rhm

0.56 nCE

S = 0.56 x 0.49 x C x 1.115 Mev = 0.306 C rhm

Since S = 354 rhm

C P.13÷11m

= 112/_Ci

:31
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DZ040, References for Radiological Safety '

I. References.

A. Special Texts and Pamphlets.
AN.

1. ST 3-i55, The Theory and Operation of Radiac Thstruments.

2., Pam 25, Radiological Handbook;

3. Radiological Safety Handbook.

B. Department of the Army Publications.

1. General:

FM 3-8, Chemicdl Corps Reference Handbook
FM 3-12, Operational Aspects of Radiological Defense.
FM 21-40, Chemical, Biaogical, Radiological and Nuclear Defense.
FM 21-21, Soldier's Handbook for Defense Against Chemical,and

Biological Operations and Nuclear Warfare.
TM 38-750, The Army Maintenance Management System (TAMMS).
DA Pam 39-3, The Effects of Nuclear Weapons.

2. Accident Control and Emergency Procedures.

AR 50-2, Nuclear Weapon Accideni, and Incident Control (NAIL)
AR 40- 13,- Radiological Emergency Medical Teams (REMT}.
FM 3-15, Nuclear Accident Cohtamination Control.
TB 385-2, Nuclear Weapons Firefighting Procedures.
TM 3-220, CBR

TM 5-225, Radiological and Disaster Recovery at Fixed
Military Installations.

TM 5-315, Firefighting and Rescue Operations.
DA Pam 350-9, Training in First Aid and EmergencyoMedical
Treatment.

3. 'Radiac Dose Rate Instrument

a. General.

TB Si t 225, Identification and Handling of Radioactive
Signal Items.

TB Sig 346, Maintenance of Radiac Equipment.
TB 114465 229 -15/L, Calibration and Maintenance Calibration

RevireMenti for Radiac Equipment.

A.
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b. Radiac Set AN/PDR-27(J).

TM 11r5543, Radiac. Sets A PDR-27(A), AN/PDR-27(C), .

AN/PDR-27(E).
TM 11-6665-201-1P, Radiac Sets AN/PDR-27(A), AN/PDR-27(E),

AN/PDR-27(G), AN/PDR-2701, AN/PDR-27(K).

Agua-6665 9- 5 Radiac Sets AN/PDR-27(J), AN/PDR-27(L),

1N/PDR-27
11-6665-228-15, Radiac Set AN/FDR-27(G)."

TM -6665-224-15, Rallac Set AN/PDR-27(P).

TM 11- 665-230-15, Radiac Set-AN/PDR-27(R).,

c. Radiac.Set AN/PDR-54. .

TM 11-6665-208-15, Radiac Set AN/PDR-54.

d. -Radiac Set AN/PDR-60 (IM-170).
- \

IV

TM 11-6665-216-1 , Radiac Set AN/PDR-60 (PAC-1SAG)..

TM 11-6665-221-15, Radiac Set AN/PDR-60 (PAC-1SAGA).

e. Radiacmeter,.IM-174(NpD.

TM 11-6665-213-12, Radiatmeter IM-174/PD.

TM 11-6665-232-12, RadiacMeter IM-174(A)/PD.

Radioactive Test Samplel Calibrators, and the Army Calibration

System.

a. Genaral.

AR 700-52, Licensing and Control of Sources of Ionizing

Radiation.
AR 725-1, chapter 3, Control of Radioactive Calibration

and Test Items of Supply.
AR 750-25, Army Metrology and calibration System.
FM 39-27, Army Calibration Company.
TB Med 249, Protection Against Radiation from Sealed

Gamta Sources (NBS Handbook 73).

b. Radiac Calibrator: AN /UDM -2A.

TM 11-6665-217-15, Radiac Calibrator Set, AN/UDR-1A.

c. Radiac Calibrator AN/UDM-6.

T3 '376655-203-12, Calibrator, Raiac, AN/DDM-6.
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d. Radiac Calibrator Set, TS-784( )/PD.

TB 11-6665-204-12, Safe Handling, Storage, and Trans-
portation of Calibrators, Radiac, TS-784( ) /PD.

TM 11-6665-204-12, Calibrators, Radiac, TS-784( ) /PD.

TA 11-6665-204-50, Calibrators Radiac, TS-784(,)/PD.
TB 9-6665-280-50, Calibration Procedures for Radiac

Calibrator TS-784( )/PD.

e. Souree'Set M3 and M3A1.

TM 3,6665-214-15, Radioactive Source Sets M3 and M3A1:
SB 3-30-209, Radioactive Souree Set M3, Serviceability

Standard.

f. Test Sample, M6.

TB Cm1 52, Radioactive Test Sample; Strontium -90,
Yttrium-90,, M6.

g. Test Sample, M7.

TM 3-6665-271-10, Radioactive Test Sample, Uranium Oxide,
Alpha, M7.

h. Test Sample, M8.

AMt'C 1639, Radioactive Test Sample,, U308, M8.

TM 3-6665-300-10, Radioactive Test Sample, Uranium Oxide,
Alpha, M8.

i. Test Sample, M9.

TB 3-6665-259-10, Radioactive Test SaMple, M9.
TB 9-6665-280-50, Calibration Procedures for Radiac
Calibrator TS-784( )/PD.

j. , Test Sample, MX1083( ) /PDR-27( ).

TB 3-6665=200-12, Radioactive Test Sample MX1033 /PDR -27.
TB 3-6665-201-12, Radioactive Test Sample MK1083B/RDR-27.
TB 3-6665-204-12, Radioactive Test Sample MX1083D/PDR-27.
SB 3-30-300, Radioactive Test Samples, Serviceability
Standard.

Test Sample, MX7338/RDR-27R.
AA

TM 3-6665-264-10, Radioactive Test Sampie MX7338/PDR-27R.

8 )5
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5. Radiiltion Dosimetry.

AR 40 -21, Personnel Radiation Exposures.
AR 40-14, Control and Recording Procedures Occupational

Exposure to Ionj_zia6 Radiation.
TB Sig 226-8, Charger, Radio?, Detector, PP-1578A/PD.

TB 11-6665-215-12/1, Charger, Radiac Detector, 'PP-1578A/PD.

TM 11-6665*-214-10, RadiAmeters IM-93( )/UD-, TM-147/PD,

and IM-9E/PD.
SB 11-206, Film Badge Supply aad Serviceofor Technical.

Radiation Exposure Control,

6. Waste Disposal.

AR 755-15, Disposal of Unwanted Radioactive Material.

TM '3-260, Operation of Radioactive Material Disposal Facilities.

TM 3-261, Handling and Disposal of Unwanted Radioactive Material.

SB 5-103, Disposition of Excess Radioactive Engineer Personal

Property.

Transportation of Radioactive Materials.,

AR 55-55, Transportation of Radioactive Fissile Materials
Other than Weapons.

TB TC 7, Safe Transport of Radioactive Materials!
TM 55-602, Movement of Special Freight.

C. NORP Reports.

1. No. 8, Control aad Removal of Radioactive Contamination in

Laboratories (1951).

2. No. 9, Recommendations for Waste Disposal of PhAihorbus-32
and Iodine-131 for Medical Users (1951).

3. No. 12, RecoMmendations for the Disposal of Carbon-14

Wastes (1953).

1i. No. 14, Protection Against Betatron-Synchrotron Radiations

up to 100 Million Electrod7olts (1954).

5. No /16, Radioactive Waste Disposal in the Ocean (1954).

i 6. No. 17, Permissible Dose from External Sources of Ionizing

Radiation (1954) with Addendum (1958).

7. .Ng,,?0, Protection Againt Neutron Radiation up to 33 Million

EleCrtifon Volts.
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8. No. ,21, Safe Handling of Bodies Containing Aladioa:ctive
Isotopes (1958). -

9. No. 22, °Maximum Permissible Body Burdens and Maximur
Permissible Concentrations of Radionuclides in Air and Water
for Occupational Exposure (1959) with addendum (1963).

10. No. 23, Measurement of Neutron Flux and Spectra for Physical
and Biological Applications (1960). ,

No. 24, Protection. Against Radiations from Sealed Gamma
Sources (1960).

12. No. 25, Measurement of Abhorbed Dose of Neutrons and Mixtures
of Neutrons and Gamma Rays (1967).

13: No. 26, Medical X-Ray Protection up to Three Million Volts
(1961).

"14. No. 27, Stopping Powers for Use with Cavity Chambers (1961).

15. No. 28, A Manual of Radioactivity Procedures (196I).

16. N. 29, Exposure to Iladiation in an Emergency.

17. No. 30, Safe Handling of Radioactive Materials (1964).

18. No. 31, Shielding for High=Energy Electron Accelerator
Installations (1964).

19. No. 32, Radiation Protection in Educational Ins'titutions (1966).

20. No. 33, Medical X-,Ray and Gamma-Ray Protection for Energies
up to 10 Me.r - Equipment Design and Use (1968). r

21. No. 34, MedicakX-Ray and Gamma-Ray protection for Energies
up to 10 Mev - Structural Shielding Design and Evaluation (1970).

22. No. 35, Dental X-Ray Protection (1970).
Note: NCRP reports have replaced National Bureau of Standards Handbooks.

They are available from:

NCRP Publications
Post Office Box 4867
Washington,. D. C. 20008

8T7

, 834



D. Code of the Federal Register, Title 10.
7

1. Part 20, Staniards for Protection.

f. . .

2. Part 30, Licensing of'yprolact Material.

3. Part 31, Radiation Safety Requirements for Radiographic
Operations. .,

4. Part 40, Control of Source Material.

5. Part 70, Control of Special Nuclear Material.

Tarrif No. 23, Agent T.C. George, Publisher, Department of

"Transportation. Transportation of Explosives and Other Dangerous
Articles by Lani,ani Water in Rail Freight Service and by Motor

Vehicles anti Water, incluiing Specifications for Shipping Containers.

T. Jerome E. Su_rfinar, Jr., "General Handbook, for Radiation Monitoring,"

LA=1835 (3d Es..), Is Alakos Scientific Laboratory, Los Alamos, New

Mexico, 1958. .

G. Handbooks.

1. Table of isotopes, 6th Ed., C. M. Lederer., J.M. Hollander, and

I. Perimad71967,,John Wiley & Sons, Inc:, New York.

2. 'Radiological Health Hanibook,' Jan 1970, US Dept of HEW, PHF);

Rockville, Md 20852!
I

H. Textbooks.

1. T. Moeller, "Inorganic Chemistry," John Wiley & Sons, 1952.

2. R. D. Evans, "The Atomic Nucleus," McGraw-Hill Book Co., 1955.. .

3

4.

J. B. Birks, "Scintillation Couters," Pergamon Press, New

Ydrk, 1960.

M. Haissinsky; "Thu Chemical and Biological Action of-Radiatioris,"

Academic Press, London, 1961.

A. A. Keil, "Radiation Control for Fire'ani other Emergency

Forces," National Fire Protection Association, 1960. 4

6. R. T. Overman and H. M. Clar, "Radioisotope Techniques/

McGraw-Hill Book,Co.; 1960.
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.

7. G. D. Chase and J. 1.), Rabinowitz,"Principles of Radioiiotope

Methodology," Burgess Publishing Co.; 1962.

. ,

8. W. J. Moore, "Physical Chemistry," 2d Ed.; Prentiss
1955 '41

.

9. E. deBarry Barnellind Wilson, "Inorganic Chemistry,
2d Ed.,,Longmads, Green & Co., 1957.

-10. H..Semat,"Introduction to Atomic and Nuclear Physics," 4th
Ed., Rinehart & Co:, 1954.

11. G. Friedlander and J. W. Kenaedy, "Nuclear and RadiochemiStry,"
John Wiley & Sons, 1955

12. H. Blatz, Editor, "Radiation Hygiene Handbook," McGraw -;fill. '.

Book Qo.,1958. 2d 4., 1964. . .

1
1. .

13. W. J. Price, "Nuclear Radiation Detectibn," McGraw-Hill Book
Co., 1958. 2d Ed., 1964.

I. Periodicals.

1. G. N. Walton, "Nuclear Fission," Quarterly RevieZ15, 1, 1961.

' 2. W. L. Bashand.R. K. Swank, "Efficient Plastic Scintillators,"
Nucleonics,11, 11, 1953 Y

4

3. R. K. Swank, Nu...11eopics 12, 14, 1954..

J Other Publications.

1. Oak Ridge Radioisotope Conference, "Research ,Application to
Physical. Science and Engineering," 1963

/
2. H. Goldeftin.and J. E. Wilktns, Jr., "Calculations of the'

Penetration of Gamma Rays," NY03075, USAEC,

.
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II. Lesson Plan Outline:
.

A. As new uses for ionizing radiation are being incorda-rated into the
military, the quantity of radioisotopes and radiation producing devices at
individual US Arn.y installations is increasing immeasurably. There has been
a corresponding increase in the need for, qualified Radiological Protection
Officers (RPO).' Interviews with Chemical Officers at various installations
indicate 'that usually a Chemical Corps OffiCer is assigned the additional
duty of RPO. The pufpose of this article is fourfold:

1. To define'the duties of the RPO. .

2. To list pertinefit references necessary for the performances of
4

these duties.

3. To give additional information not covered by 'regulations.

.
4. ,To list the training aeilable in radiological safety.

B. A Radiological. Protection Officer is defined by Army regulation.as:
"an individual designated by the cpmmandei or activity to provide consultation
and advice on the degree of hazards, associated with ionizing radiation and the
effectiveness of measures to control these hazards." His specific duties
include advising the commander _and his staff on the handling, storage, and
shipping of radioactive material and radioactive waste. The RPO conducts
environmental surveys to include instrument surveys, radiological smears
or wipes, and air sampling, as fequired. The RPO is requiredto conduct a
semiannual physical inventory of all radioactive materiale under his control
and maintain appropriate records. He will have to maintain some type of
dosimetry- and appropriate records IQr any radiation workers he may have
on the installation. And finally, tEe RPO may be required to have a
.Nuclear'Regelatory Commission (NRC) license or DA authorization for
certain-types and quantities of radioactive materials."

C. It becomes obvious thatttne title Radiological Protection Officer may
encompass anything from an assigned additional duty to a full time job
depending on the type and amount of,radiciactive materials cir radiation
producing devices on the installation. In,order to fulfill his assigned duties,
the RPO must be familiar with the Rertinent basic regulationsSongress has
established, by law, the general radiological safety requirements.. These
requirements are contained in Title 10, Code of Federal Regulaticins (10 CFR)
which is available from the Government Printing Office. Part.20, 10 CFR,
Standards for Protection Against,Radiatian, is the basic reference for
radiological safety. Parts 30, 31, 33, 34, and 40.a:pply to specific licensing
requirements for NRC licenses. The Army regulations all-use 10 CFR as a
basic reference.

-p
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D. While the previously listed reference materials may appear
exhaustive, not all the information needed can be readily extracted. For
example, no indiVidual license or DA authorization is reqUired for the M3
Source Set-or the TS-784 Radiac Calibrator. These items are licensed fo
APG-EA (M3) and to Lexington Army Depot (TS-784). Additional information
is contained in AR 725-1,, chapter 3, dated 22 September 1970. Film badge
service is available from Lexington Army Depot and Sacramento Army Depot.
Pertinent information is contained in SB 11-206. The US Army Environniental
Hygiene ,Agency provides radiological hygiene surveys and investigations in
accordance with AR 725-1, chapter 3. These surveys are by request, but
Must be made at least once every 3 years. Tecluiical advice on safe handling
and storage of radioactive materials is available from the Surgeon General
in accordance with AR 700-52. It should be apparent that the Radiological
Protection Officer has a wide variety of duties and considerable responsibility.
The necessary training to satisfactorily accomplish' his, job is available by
both resident instruction (Radiological Safety Course, 3 weeks) and
correspondence courses (SC 345/and 346) from the US Army Ordnance
Center and School. CoUrses are also taught by the Department of Health,
Education and Welfare. Public Health Service catalogs can be obtained
from:

Director,..Training and Manpower Development Program
National Center for Radiological Health

.. 1901 Chapman Avenue
4. Rockville, Maryland 20852

Q

III., Handouts: None

Problems: None

V. Solutions: Note
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PART
p19'..

UNITED STATES NUCLEAR REGULATORY COMMISSION

RULES and REGULATIONS
TITLE It CHAPTER 1. CODE OF PEDIMAL REGULATIONSENERGY

NOTICES, INSTRUCTIONS, AND REPORTS TQ WORKERS;

'See. .
19.4 Purpose.
19.2' Scope .

19.3 Definitions. e".1
19.4 Interpretations.
19.5 Commurucations.
19.11 Posting of notices to worked
19 12 Instruction to workers.

..- 19.13 Notifications and rends to individuals
19.14 Presence of representatives of licensees

and workers during inspections.
19.15 Consultation with workers during in
, spections.
19.16 Requests by workers for inspections.
19 17 Inspection not war:anted, informal re r

vigor. r4
19.30 ;Flotations. cv

cv
19.31 Application forexemptions. et
19.32 DucriminatiOn prohibited. u.

Atrntoarrr Secs 53, 63, 81. 103. 104, 161,
Pub L 811-703, 68 Stat 930, 933, 935; 936,
931, 948, as amended (42 U.S.0 2073, 2093.
2111, mat 2134, 2201). Sec. 401, Pub. L 93-
43a, 88 stat. 1254 (42 U.S.C. 5891)

§19.1 Purpose'. .

The regulations In this part establish
requirements for notices, instructions,
and reports by licensees to Individuals
participating in licensed activities, and

. options available to such individuals in
connection with Commission inspections
of licensees to ascertain compliance with
the provisions of the Atomic Energy Act
of 1064, as amended, Title II of the En- .7

iz t ergy Re Organization Act of 1274, and reg- cs
co ulitions, orders, and licenses thereunder co
cc regarding radiological wgrking condi- '
c thong. .

§ 19.2 Scope.
"thl regulations In this part apply to

all persons VI° receive, possess, use, or
transfer material licensed by the Nuclear
Regular fy Commission pursuant to the
regulations In Faits 30 through 35, 40,
er 70 of this chapter, including persons li-
censed to operate ay/induction or utili-
zation facility pursuant, to Part 50 of r:
this chapter.

ckl

, f,19.3 DefinAku. .sc

As used fn this part:
g (a) "Act" means the Atomic Energy 8

Act of 1054, (U Stat. 9191 including any
IL amendments thereto;

(b) "Commission" measa tktilliited States
Macke, Regulatory Commissioin

INSPECTIONS.

(c) "Worker" means an individual
engaged in activities licensecrby the Com.'
mission and cobtrolled by a licensee,
but does not include the licensee.

(d) "License" means a license Issued I
under the regulations in Parts 30 through
35, 40, br 70 of this chapter,
licenses to operate a production or utili-
zation facility pursuant to Part 50 of this
chapter. "Licensee" means the holder of
such a license.

(e) "Restricted are*" means any area
access to which is controlled by the li-
censee for purposes of protection of In-
dividuals from exposure to radiation and
radioactive materials. "Restricted area"
shall not include any areas used as resi-
dential quarters, although a separate
room or rooms in a residential building
may be set apart as a restricted area.
§ 19.4 Interpretations.
'. Except as specifically authorized by the
Commission in writing, np interpretation
of the meaning of the regulations in this
part by any officer or employee Of the
Commission other than a written in-
terpretation by the General Counsel will
be recognized to be binding upon the
Commission.

§ 19,5 Communications.
Except where otherwise specified In

tits part, all communications and reports
concerning the regulations in this part
should be addressed to the Director, OT-
lice of Inspection and Enforcement, U.S.
Nuclear Reguhttory Commission, Wash -,
ington, D.C. 20555. Gomnianications, re- tz
ports, and applications may be delivered ki
in person at the Commission's daces
1717 H Street, NW,, Washington,' D.C.; it
or at 7020 Norfolk Avenue, 'Bethesda,
Maryland. . o

§ 19.1; Posting of notices tit workers,
(a) isie'.12211.gre shall Post current

I sued pursuant to Subpart B of Part 2 of
g this chapter, and any response from the
N licensee. z
g- (b) If mains of a document specified i
cc In Paragraph (a) (1), (2) or (3) of this 'VP
u. section is not practicable, the licesiC____,

may Post notice which describes
document and states where' it may be
examined. ...s.

(c) Form NRC-3, "Notice to Em-
ployees", shall be posted by each li-
censee wherever individuals work in. or
frequent any portion of a restricted area.

gi Nom: Copies of Form NRC-2 may be Ob-
et tamed 14 writhig to the Director of the': appropriate VB. Ntfclear Regulatory Corn-
e mission Inspection and &don:erne/1X RI..

Aroma Office listed In Appendix "D ", Part 20
of this chapter, or the Director. Office of In-
spection and Enforcement. 118. 14uclear Reg- .
ulatory Commission, Waslaington, D C'20565.

(d) Documents, notices, Or, formal -
'Posted Pursuant to this section shill ap-
pearpear in a auflicient number of plsces tot,'
permit individuals engaged In licensed
activities to observe them on the way to
or from any particular licensed activity
location to which the document applies,
than* be conspicuous, and shall ,be re-
placed if defaced or altered.

(e) Commission documents Posted
pursuant to paragraph' (a) (41 of the;
section shall be posted within 2 working
days' fter receiptofthe documents from
the Commission; the litenses's response,
if any, shall be posted within 2.working
days after dispatch by the licensee. Stich
'documents shall, rennin posted for a
minimum of 5 working days or until ac- ''
Win correcting the violatita has been
tompleted, whichever is later. t
§ 19.12' Instructions to wake**. ' r

All individuals working in or frequent -'
ins any portion Of a restricted area shall
be kept infornied of the storage, trans-
fer, or use of radioactive materials or of
radiation in such portions of the re- ..
stricted area; shall be instructed In flu .
health protectipn problems aseckiated -
with expospre to such radioactive mate- ,
rials or radiation. in precautions or pro?
cedures to minimize exposure, and in the
purposes and functions of protectite de-
vices employed; shall be Instructed In,-
and' Instructed to obeirve, to the extent
within the worker's control, the applica-
ble provisions of Commission regulations

co pies. of the owing documents: (1)
The regulations in this part and In Part
20, of this chapter: (2) thelicenfejleenge,
conditions, or documents Incorporated
Into's license by reference, and pinend-
mentsthereto; (3) the °matins Proce-
dUr, es aPPlicable, to licensed activities:
(44 any notice nf violation involving
radiological working conditions, proposed
imposition of civil penalty, or order is-,

840
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PART 19 NOTICES, INSTRUCTIONS, AND REPORTS TO

and licenses for the protection of per-
sonnel from exposures to radiation or
radioactive materiels'occurring in suds
areas, shall be Instructed of their re-
sponsibWty to report promptly to the II-
ceneee any condition which may lead to
or cause a violation of Commission regul
tattoos, and licenses or unnecessary ex-
posure to radiation or to radioactive ma-
terial; shall be instructed in the appro-
priate response to warnings made in the
event of any =Altai occurrence or mal-
function that may involve exposure to
radiation or radioactive material; and
shall be advised as to the radiation ex-
posum reports which workers may re-
quest pursuant to 119 13 The extent of
these instructions &all be commensur-
ate ,with potential radiological health
protection problems in the restricted
area.
§ 19.13 -7totifications and reports to in-

dividuals. .
(a) Radiation exposurti data for an

individual, and the results of any meas-
urements, analyses, and calculations of
radioactive material deposited or re-
tained In the body of an Individual, shall
be reported to the individual as specified
In this section. The informatiott reported
shall incliide data and results obtained

' pursuant to CommisMon regulations. or-
ders-or license conditions, as shown in
records maintained by the licensee Pur-

, suant to Commission regulations. Each
notification and report shall be in writ-
eing; include appropriate identifying date, tion, However, only one workers' repre-

f..1 such as the name ,of the licensee, the CI sentaUve at a tirne may accompsny
, enarne of the individual. the individual's "4, insneotors.

report shall be transmitted- at a time
not later than the transmittal to the
Cominission.
L19.14 Presence of representatives of

licensees and worker; daring Inspec-
tions.

(a) Each licensee shall afford to the
Commission at all reasonable times 0P-
partunity to Inspect materials, 'activities,
facilities, premises, and records pursu-
ant to the regUlations in this chapter.

(b) During an Inspection. Commission
inspectors may consult privately with
workers as specified In 119.15. The li-
censee or licensee's representative may
accompany Commission inspectors dur-
ing other phases of an inspection. '

cc) If, at the time of inspection, an
individual has been authorized by the
workers to represent them during Com-
mission inspections, the licensee shall
notify the Inspectors of such authoriza-
tion and shall give the workers' repre-
sentative esi opportunity to accomptny
the inspectors during the Inspection of
physical working conditions.

(d) Each workers' representative shall
be routinely engaged in licensed activi-
ties under control of the licensee and
shall have received Instruction as tpec-
!fled in § 19-12.

(e).. Different representatives of h-
=and workers may accompany the
ors during different phases'of an

inspection if there is no resulting inter-
ference with the conduct of the Inver,-

tL Baal security number; inculde the Judi_ (f) With the approval of the licensee ff
viduas exposure information; and con- and the workers' representative an In-
tent the following statement:
This report is furnished to yvti under the'provi

porn of the Nuclear ResulatureCcmmission regu-
lawn 19 CFR Part 19 You shoilld Preserve this
report for further reference

ti

(b, At the request of any worker. each
licensee shall advise such worker annu-
ally of the worker's exposure to radiation
or radioactive material as shown in zee-
ords maintained by the licensee pursu-
ant to 1 20.401(a) and (c) .

to At the request of a worker former-
ly - engaged, inn licensed activities con-
trolled bpithe licensee, each licensee shall
furnish to the, worker's report of the
,worker's exposure to radiation or radio-
active material. Such report shall be fur-
nished within 30,days from the time the
request is made, or within 30 days after
the expoeure bf the individual has been
determined by the licensee, whichever is
later; shall coyer.;Within the period of
time specified in the request, each calen-
dar quarter in which the worker's ac-
tivities involved exposure to radiation
from radioactive materials licensed °by ,
the Commission: and shall include the
dates and locations of licensed activities
in which the worker participated during
this period.,

(d) When a licensee is required Qur-
suant to 120 405 or 120,408 ofthis chap-
ter to report to the Commission any ex-
posure of -an Individual to radiation or
radioactive material the 'licensee shalt
also protide the individual a report on
His exposure data included therein. Such
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dividual who is not routinely engaged
in licensed activities under control of
the license, for example, a consultant
to the licensee or to the workers' repre-
sentative, shall be afforded the oppor-

tunity to accompany Comibission inspec-
tors during the inspection of physical
working conditions;

(g) NotwIthsUinding the other Provi-
Motu of this section, Commission Inspec-
tors are authorized to refuse to permit

1'c-commitment by any individual who'
deliberately interferes with a fair and
orderly inspecti n. With regard to areas
containing hif adore classified by an
agency of the .8 Government in the
Interest of na onal security. an individ-
ual who panics an inspector may

such Information only ifhave access
authorized to do so. With regard to any
area containing proprietary information,
the workers' representative for that area
shall be an Individual previously author-
ized by the licensee to enter that area.
I 19.15 C.oninhation with workers d9.-

ing inspections.
(a)' C8mmission inspectors may "con-

sult privately with workers concerning
matters of occupational radiation piefec-
tion and other matters related to ap-
plicable Provisions of Commission regu-
lations and licens to the extent the 'in-
spectors deem necessary for the conduct
of' an effective and thorough Inspection

(b) During the course of inspection'
any worker may bring privately Ulf the
attention of the inspectors, either orally

841 ,
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such copy or on am .record published,
released; or made adllable by the Com-
mission, except for good eause shown.

(b) If, upOn receipt of such noticeethe
Director of inspection and Enforcement or Re-
ponal Office Director determines that
the complaint meets the requirements set
forth In paragraph (a) of this section,
and that there are reasonable grounds to
believe .that the alleged violation exists
or has occurred, he shall cause an In-
spection to be made as soon as practica-
ble, to determine if such alleged violation
exists or has occurred. Inspections pur-
suant to this section need not be limited,
to matters referred to In the complaint.

(c) No licensee shall discharge or In
any manner discriminate against any
worker because such worker has Bled any
complaint or instituted or caused to be
Instituted any proceeding untie? the
regulations in this chapter or has testi-
fied OT about to testify any such pro-
ceeding or because of the exercise by
such Worker on behalf of himself or
others of any option afforded, by this
Part,

19.17 Inspections not warranted; In-
. a formal review.

(4 If the Director of Inspection and Enforce-
ment or of the appropriate Regional
Office determines, with respect to $ com-
plaint under 119.16, that an Inspection
is not warranted beciutexl there are no
reasonable grounds to believe that a vio-
lation exists or has °conned, he shall no-
tify the complainant in writing of such
determination. The complainant may
'obtain review of such determination by
submitting a written statement of posi-

WORKERS; INSPECTIONS

or in writing. any Past or Preaen. t tonal'
tion which he has reason to oeuvre, may
have contributed to or catned -any viol._
lotion of the act, the regulations in this
chapter, or license' ondition, or any =-
necessary exposure of an individual to
radiation from. lielensed radioactive ma-
terial under the licensee', control. Any
such notice in writing shall comply- With
the requirements Of 1,15.16(a).

(c) The provision; of paragraph (b)
of this section shall not be interpreted as
authorization to disregard instructions
pursuant to 1 19.12.-
5 19.16 Requests 17 workers for Wpm-

dom.
(a) Any worker or reprisentaUve of

workers who believes that a violation of
the Act, the regulations In this chapter.
or license conditions exists or has oc-
curred In license activities with regard to
radiological working conditions in which
the worker is engaged, may remlest an
inspection by giving notice of the alleged
violation to the Director of 1 n and En-
forcement, to the Director ofmgc:rpro.
priate Commission Regional Office, or to
Commission inspectors. Any such notice
shall be In writing, shall set forth the
specific grounds for the notice, and shall
be signed by the worker or represents-.
live of workers. A copy shall be provided
the licensee by the Directorof Inspection and
Enforcement, Regional OfficeIllrector,
or the inspector ne later than at the time
Of inspection except that, the re-
quest of the worker ti such notice.
his name and the name of individuals
referred to therein shall not appear In
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Executive Director for Operations, discrimination under any program or ac-U.S. lie Regulatory Commission, %gashing- -tivity licensed by the Nuclear Regulatoryion, D.C. 2955s, who will provide the licensee
Commission. This provision will be en-with a COP of such statement ,by 7...r forced through agency provisions and13,4 uding at the request of the ,t3, rules similar to these alreAdy established.complalnan the name of the complain- cc with respect to racial and other tilscrira-ant. The may submit an oppos- !nation, under title VI of the Civil Rightsbig written s t of position with $ Act of 1964. This remedy is not exclu-the,Exeastive r for Operations who will rive, however, and will not prejudice orprovide t h e count with a copy of such I cut off any other legal r e m e d i e s avail-sutemen t by Tied Ina Upon the request able to a discriminatee.of the com t,\ he Executive Director for

Operations or his may -
hold an informal nference in which
the complainant d the licensee may
orally present their views. An informal,
conference may also be held at the re-

. ez: quest of the licenisee, t disclosure of the
identity of the complainant will be made
ball% following receipt dT written author.:
ization from the conw t. After con -
eldering all writtemand oral views pre-
sented, the Executive Di for Operations
shall affurn. modify, or revs the determina-
tion orthe Director of Ins on and Enforce-
ment or of the apptOpriate Regional
Office and furnish the coin lainant and
the licensee a written noon- n of his
decision and the reason the or.

(b) If the Director of Inspection and Enforce-
ment °ref the appropriate Repo
Office determines that an Lion is
not warranted because the req rements
of 119.16(a) have not been met, he shall
notify the complainant in
such determination. Such dete onf
shall be without prejudice to the g of
a new comnlaint meeting the, mire-

- Mentz of-1-18.16(0.

' r§ 19.30 Violations.
An injunction or other court order may

in be obtained prohibiting any violation of
I= any proviskin of the Act or Title lj of
t-4he Energy Reorganization Act of 1974,
7 or any regulation or order issued there-. ,
Lender.

A court
order may be obtained for the payment
of k civil penalty imposed pursuant to
section 234 of the Act for violation of sec-
tion 53, 57,12. 63, 61, 62, 101, 103, 104,
107, or 109 of the Act or any rule, regulja-
tion, or order issued thereunder, or sag
term, condition or limitation of any li-
cense issued thereunder, or for any via-
vlation for which a license may be revoked
under section 186 of the Act. Any person

L- who willfully violates any provision of
"F. the Act or any regulation or `order,issued
C4C`l thereunder may be guittY of a crime and,
ff. upon conviction, may be punished by fine
g3 or Imprisonment or both, as prbvided by

law
§ 1'.31 Application for exemptions.

e CotrunissiOti may, upon applies:
ti n by any licensee or noon its own In-

sitive,'grant such exemptions from the
ulrements of ,,the regulaUons in this .. 0

as it determines are authorized by
w and will not result in undue hazard

to life or Property.

19.32' Discrimination prohibited.
No petton shall on the ground of set ,

be excluded from participation in, be de-
nied the benellts of, or be subjected to '

842
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STANDARDS FOR PROTECTION AGAINST RADIATION

GENERAL PROVISIONS

Sec.
20.1
20.2
20.3
20.4
20.5
20.6 ;
20.7

Jus po s e
Scope.
Definitions.
Units of radiation {lose.
Units of radio ;ctivity.
Interpretations.
Communications.

PERMISSIBLE DOSE'S, LEVELS. AND
CONCENTRATIONS

20.101 Exposuie of individuals to radia-
tion in restricted areas.. AUTHORITY: The provisions of this Part 20

20.102 Determination of accumulated issued under secs. 53, 63, 65. 61,103,104.161,
dose. 68 Stat. 930, 933, 93'5, 936, 937. 94$, as

20.103 Exposure of individuals to concen a mended $42 U.S.C. 2073, 2093, 2095, 2111,nations of ractioactil material in re- 2133, 2134, 2201. For the purposes of sec.mined areas.
20.104 Exposure of minors. 22 3, 68 Stat. 958, as amended: 42 U.S.C.

20.105 Permissible levels of radiation in 2273,
161o., 6

§§20.401.20.409, issued under see.

unrestncted areas.
8 Stat. 950, as amended. 42 U.S.C.

20.106 Radioactivity eMuents to uAre- 2201 2136, Pub.-L. 93.438, 88

stncted areas.
Slat. , 1246 (42 U.S.C. 5542.5846).

uhing of bio-
assay services.

§ 20.1 Purpose.
20.108 Orders requiring furn (a) The regulations in this part estab-

assay

'Medical diagnosis and Lherapy,

standards for protection against ra-
PRECAUTIONARY PROCEDURES raj diation hazards arising out of activities

20.201 Surveys
(r under licenses issued by the Nuclear Reg -

20.20220.202 Personnel motoring. ulatory Commission and are issued pur-
20.203 Caution signs, Labels. 3:gnats, and

controls.
Stititit to the Atomic Energy Act of 1954,

20.204 Same: exceptions, as amended, and the Energy lleorganiza-ptions.
20/205 Proced ures (or

EXCEPTIONS AND ADDITIONAL REQUIRE.
MENTS

20.501 Applications for exemptions.
20.502 Additional requirements.

ENFORCEMERT

20.6131 Violations

.Appendix AI Reserved I
Appendix B Concentrations in air and water

above natural background.
Appendix C.
Appendix D.-United States,Nuclear Regula-

tory Commission Inspection and En
forcement Regional Offices.

picking up, recnv- tfon Act of 1974. ,
Ins, and opening pacItages.

20.206 Instruction of personnel.
20.207 Storage of...licensed materals.

WASTE DISPOSAL.

20.301 General requirement.
20.302 Method for obtaining approval of

proposed disposal procedures.
20.303 Dispdsal by release into sanitary

sewerage systems.,
20.304 Disposal by burial in soil.
20.305 Treatment or disposal try incinera-

tion.

RECORDS, REPORTS, AND NOTIFICATION

20.401 Records Of surveys, radiation mon-
itoring, and disposal..

10.402 Reports of theft or loss-of licensed
material.

20.403 Notifications Of incidents. .
20.404 recommenda-itResertiedj

f ovezexposures and ex-
1 (c) In accordance with

20.40$ eports of tions of the Federal Radiation Couaril,cessive levels and concentrations.
20.406 I Reserved I

1

8 approved by the President, persons en-
20.407- Personnel exposure. and monitoring e gaged in activities under licenses lamed

reports. (r by the Nuclear Regulatory Commission pur-
20.408 Reports of personnel exposure on u. snag to the Atomic Energy Act of 1954, ag

termination of dmployment or work. yer amended, and the Energy Reorganization Kat
20.409 Notifications and reports to mdi- yr of 1974 should, in addition to conrMush.

(b) The use of radioactive material or
other sources of radiation not licensed
by the Commission is not subject to the
regulations in this part: However, it is
the purpose of the regulations in this

± part to control the possession, use, and
8 transfer of licensed material by any 11-
es censee in such a manner that exposure
LL to such material and to radiatihn from
in such material, when added to exposureses

to unlicensed radioactive material and
to other unlicensed sources of radiation
in the possession of the licensee, and to
radiation therefrom, does not exceed the
standards of radiation protection pre-
scribed in the rectilations in this part.

I plying with the requirementa set forth in

843
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Ithis part, make every reasonable effort to
maintain radiation exposures, 'and re-
leases of radioactive materials in dilu-
ents to unsestricted smut, as far below
5the limits specified in this part as Piss-
ticable. The term "as far below the limits

(r specified in this part as practicable"
u. means as low as is practicably achieve-
in ble taking into account the state of tech-

nology, and the economics of improve-
ments in relation to benefits to the
public health and safety and in relation,.
to the utilization of atomic energy in the

2ublic interest.

11 20,2 Scope.

The regulations in this part aPPIY10
p. all persons who receive, possess, use. or
03 transfer material licensed pursuant to
LL the regulations in Parts, 30 through 35,
o 40, or 70 of this chapter. including per-

sons licensed to operate a production or
'utilization facility pursuaht to Part 50
of this chapter.

, -
1 20.3 Definitions.

(a) As used in this part:
(I) "Act" means the Atomic Enema

Act of 1954 (04 Stat. 919) including any
amendments thereto;

(2) "Airborne radioactive material"
means any radioactive material dispersed
in the air in the form of dusts, fumes,
mists, vapors, or gases;

(3) "Byproduct material" means any
radioactive material (exceptapecial nu-
clear material) yielded in or made ra-
dioactive by exPoettre to the radiation
incident to the process of producing or
utilizing special nuclear material;

(4) "Calendar quarter" means not less
than 12 consecutiveweeks nor more than
14 consecutive weeks. The first calendar
quarter of each year shall begin in Jan-
nary and subsequent calendar quarters
shall be such that no day is included in.
more than one calendarvuarter or omit-
fed from inclusion 'within a calendar
quarter. oCervedlicestror shift' itttli,gemina:

calendar quarters except. at the begin-
ning of *calendar year. ..

--
,

(5) 7CommIssion" means thNucleu Reg).
Latory:Commirsion or its duly authorized
representatives;

1.
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION
(6) "Government agency' inane any'

p e n d e a t establishment, cofporation,u1Ind- § of os-t) or more of a. uranium, b the.
executiye department. commission, e- weight one-twentieth of one percent

wholly or partly owned by the mum°, slum or c. any combination thereof.
States of -- the ---e. Source material does not include special
mentalltrof the United States, or any"'Alaerielli which is 1112 thatru"). nuclear material.
board, buratu, division, service, office.officer, authority, administration_ nrr (15) "Special =eclair material" means
other establishment in the executive W Plutoshrin, uranium 233, uraniumbranch of the Oorernment; .0. earIched to the isotop233 or in the Lo-(7) "Ind means any hunuus§tote 235, and any other material Viktibeing; -the OXIIMillaiOn. Pursuant to the. P2'01'1

(81 -Licensed material- means snurceicEsions of section 51 of the LA determines
material, spatial nuclear material, or by-wt.° be Pedal nuclear material, but does
product material rec.eived. .possessed."001____,_,Incinde__,a,,,,,cairre rnaleLla1_,;°LUI2_,,,ars7,,,Lused; or transferred under a general or a"4""14.7 ''"`"-"'" by any of
specific license Issued by the consmicsion ,the foregoing but does not include source
pursuant to the regulationl in this material:chapter; 6 -g- (17) 'Tare:bided area" means any, 9) License" means a license issuedR
under the regulations in Part 30, 40, orS area access t° which la not controlled by70, of this chapter .,Liemsee.. meenet,- the licensee for purposes of protection of
the holder of such license; ,L individuals from exposure to radiation

radioactive'10 i "Occupational dose' includes ex-ie and
- used for residential

qmaterials, and any area
posure of an individual to radiation ;DJ
in a restricted areal. or (11) in the courseq- * - .of employment in Which the individual's:: )18, "Administration" means the En-
duties involve exposure to radiation. co ergy Research and Development Admin-
provided, that "occupational dose" sballSr. istratlon or Its %duly authorized rePre-' not be deemed to lifolude any exposure" sentatives.
of an individual to radiation for the pur-,_.*
pose of medical diagnosis or medical '

(b). Definitions of certain other wordstherapy of such individual.

(11) "Person" meant ,(1) any indi-
vidual, corporation, partnership, firm,
association, trust, estate. public or pri-
vate institution, group, flovernment
agency other than the Commission or the
Administration (except that the Admin-
istration shall, be considered a :meson
within the meaning of the regulations in

es this part to the extent that its facilities
tc and activities are subject to the licensing
U. and related regulatory authority of theo
w Commission pursuant to section 202 of

the Energy Reorganization Act of 1974
(88 Stat. 1244) ). any Statigrael-forelifll
goverruhent or nation or any politicat
subdivision of any such government or
nation, or other entity, and (11) any
legal successor, representative, agent, or
agency of the foregoing, 8

the fdllowing alpha rays, beta rays.u.-
(12 ) "Radiation" means any or all of

21: gamma rays, X-rays, neutrons, high- in
8 speed electrons, high-speed protons, and NQ other atomic particles; but not sound
u. or radio waves, or visible, infrared, or
tri ultraviblet light:ri .

L(13) "Radioactive material" includes
any such material whether or not aubJect
to licensing control by the Commission,

rarea access to which is controlled by the
(14) 'Illtstricted area" means any

N licensee for purposes of protection of
individuals from exposure to radiation

-:. and radioactive materials. "Restricted
If. area" shill not includr any area used
e, as residential quarters, although a imps-
N rate ' room or rooma.in a regdential

Lbuilding may be set apart as a restricted
area;

i)433) "source material'; means (i)
uranium or thorium, or any combina-
tion thereof, In any physical or chemical
form: or (ili ores which, contain by

April 30, 19'76

and phrases as used In this part are set
forth in other sections, including:

(1) 'Airborne radioactivity area" de-
fined in 5 20203;

(2) "Radiation area" Cud "high radi-
ation area" defined in 20.202;

(3) "Personnel Inonitorthir equipment"
defined in i 20.202;.

(4) "Survey" defined in 20.201;
(5) Mita of measurement of dossatrad,

renLY defined in 1 20.4;
(6) Units of mesiuretaint of radio-

activity defined in i 20.5.,
20.4 Salts of radiation Joe..

cc

nlationg in this part, any of the follow-
ing is considered to be equivalent to a
dose of one rem:

(1) A closenf 1 r due to X or gan1121
radiation;

(2) A dole of 1 iced due to X, gamma,
or beta radiation;

(3) A dose of 0.1 rad due to neutrons
or high energy protons;

(4) A dose-of 0.03 rad due to particles
harrier than protons and with aulicient
enemy to reach the leas of the eye;
If It Is more convenient to measure the
neutron flux, or equivalent, than to de-
termine the neutron doss in rads, as

in subparagraph (3) of this
ph, one rem of neutron radiation

may, for purposes' of the regulations in
this part, be assumed to be equivalent
to 14 million neutrons per aware centi-
meter incident upon *the body; or; If
-there exists sufficient information to esti-
mate with reasonable accuracy the ap-
proximate distribution In mew of the
neutrons, the incident Eurnhee a/ nee-`
Irons per.squeze centimeter equivalent
to ono rem may be estimated Irma the
following table:

Xamsaa Mc Don Xporraums

Nearce,eneur (Ms?)

0.11

7.11

10.
10 Le

(a) "Dose," as used in this part, L, the (d )- For determining exposures to X or
quantity of radiation absorbed, per unit gamma rays up fo 3 Wm the dose ]Smite
of mass, by the body or by any portion of +Pachued 20.101 to 20.104, inclusivee

may to be equivalent to thethe body. When the regulations In this
part specify a doge _during a period of "air dose". ?or the purpooe of 'his part
Ume, the dose means the total quantity "air dose" means that the dose is mese-

by the body or by any portion of the
tired by a properly calibrated appropriateof radiation absorbed, per unit of mass,

body during such period of time. Several
lattfacenunin neerhestthosagebodY. nikhrte-.

rdifferent units of dose are in current use
Definitions of units as used in this part I 20.5 Usits of radioactivity,
are het forth in ParagraPhs (17) and (c) (a) Radloactiviti is commonly, 'and
of this section for purpoies bf the regulations in this

(b) The rad, as used in this part, is a 1 inPartkraahaOtembepe, Eare6gUrimitedtimine terra °etre;
measure of the dose of any ionizing rail - 09 One eurie°33rie* diefnteereuene per
ation to body tissues in terms of the c4 sects* (dps)=2.2x10' disintegrationsenergy absorbed per unit bass of the cf, *per minute (dp,m). Commonly used sub-tissue. One rad is the dot* correspond- 0, foultiples of ihe curie are the ro)llicnris

to the absorption of 100 ergs Pori= '-' and the taicrocurie:
tissue. (One millirad (slued) =0.001 (1) One millicurie (mC) '=0.001 curie) (CI) ':.--3.7x10' dpi.
(e) The rem, as used in this Pert, is (2) One microcUrte (1'L(1i) 'm0.000001a measure of the dose of any ionising curie=3.7x10* dpi. 'radiation to body tissue In terms of *

estimated biological effect relative to a r- (ist Itor purposes of the regulations indoes of =roentgen (r) ofX-rays. (Ow this Part, it may be assumed that themil irem (urea) .4.001 rem.) The relit.
Lion of the rem to other dose units de- rffizedble.
penis upon' the biological effect under, swum b widen out 111 "curlew," "milli-consideration and upon the conditions or onrisuo pa "rotcroeuria(a)," and the &bine-irradiation. For the purpose of the rig- viations &mild not be used,

844
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

daughter activity concentrations in the
following table are equivalent to an air
concentration of IV microcuries of
Radon 222 per milliliter of air in equilib-
rium with the daughters ItsA, RaB, RaC,
and RAC' :

Maximum time between
collection sod measure-

meat (bowe) s

.tipbsesulttlz; dutchter
attleity collected per milli-

liter of air

=Woe
ITotal alpha

disinterce
dons Per

minute per
cc.

2X10-,
SX10-.

1 3X19'
0. 3),(1Cc.

0, 16
0. 10

02$
&ton

(c)

§ 20,6 Interpretations.
Except as specifically authorized by

the Commission in writing. no interpreta-
tion of the meaning of the regulations In
this part by any alter or employee of
the Commission other than a written in-
terpretation by the General Counsel will
be recognized to be binding upon the
COmmission.

f, 20.7 Communications.

section, provided:
(1) During any calendar quarter the

dose to the whole body from radioactive
material and other sources of radiation

in the licensee's possession shall not ex-

ceed 3 rem; and
(2) The dose to the whole body, when

added to the accumulated occupational
dose to the whole body, shall not exceed
5 (N-18) reps where "N" squats the in-
dividual's age irLyetra at ma last turns,
day: and

(3) The licensee has determined the
individual's accumulated occupational
dose to the whois body co Eons NRC4, or
on a clear sad legible mord metal*
ins all the information required in that
form; and has otherwise complied with
the requirements of 30.103. As used in
Paragraph (b), "Dole to the whole body"
shall be deemed to include any dose to
the whole body. gonads, active blood-
forming organs, head and trunk, or lens
of eye.

21302 Deteraalwatioa of accumulated
dose.

(a) This section contains require-
ments which must be satisfied by
licensees who propose, pursuant to para-
graph (b) of § 36.101, to permit individ-
Asia in a restricted ares, to receive ex-
posure to radiation in excessof the limita

Except wh otherwise specified * specified paragraph (a) of 20101'

this part. all mmunIcatIons and re- (13) Before permitting any individual

Ports concerning the regulations in Ude vi in a' restricted Ma to receive exposure

^ art should be addressed to the Execs- te 'radiation In crews of the limits ree-

Partolbsdy

Column 1 Cott n2

lam:wed AseuMed
armoire moss»

b rum to mom for
calecolsz calendar
quitters otlarters
prior to Desirable out

Hu or scu
. 1.961

Whole Coin
actin bbod=
organs. bead sod trimk,
lens of eye.

sli as

(2) The licensee shall retain and preserve
records used in preparing Form NRC-4.
If calculation of the individual's ac-
cumulated occupational dose_for tall
periods prior to January 1, 1961 yields
s result higher than the applicable ac-
cumulated close value for the individual
as of that date, as specUled in paragraph
(b) of 1 30.101. the excess may be disre-
garded.
1. 30.103 Exposure of individtude to

concentrations of radioactive mat
serial in restricted areas.

(a) No licensee shall possess, use Or
transfer licensed material in such a man-
ner as to cause ant, individual in a
restricted area to be exposed to airborne
radioactive material possessed by the
licensee in an average concentration in

'excess of the limits specified in Appendix
B, Table I, of this part. "Expose" as
used In this section means' that the in-
dividual is present in an airborne ton-

e dye Director for Operations, U.S. Nu- ,'" tiled In.Paralral* (a) of 1 20.101, esell centration. No allowance shall be made

ff clear Regulatory Commission, Washing-
iv' licensee shall: 9 for the use of protective clothing or

ton, D.C. 20555. Communications, re-
(I) Obleia a cortifican on Forces NRC4, or

land.

equipment, or particle size, except as

, , et to paragraph (c) of this section.
authorized by the Commission pursuant

in person at the Commission's offices at containing all,the infotroation
on a drar sad logblo ractied

ports, and applications may be delivered

1717 11 Street NW., Washington. D.0 : or in that form. signed by the indirinnal

at 7920 Norfolk Avenue. Bethesda, Mary-

es. Plastesexass nous, Lame. awe
0021C14671142,0301

§ 20.101 Exposure orindiridails to ra-
diation in restricted areas.

tai Except as provided in paragraph
(13, of this section, no licensee shall
possess. use, or transfer licensed mate-

rial in such a manner as to cause any
individual in a restricted area to receive
in any period of one calendar quarter
from radioactive' material 'and other
sources.of redis.§ion In the licensee's pos-

e session a dose In excess of the limits
LL specified in the following table: '
g Ann ;per calendar quarter

I. Whole body. head And trunk: saws
blood-forming organs: lana of
eyes: or gonads 1%

2. Rands and forearms; fist and
antis. 11%

3. Skin of atria body 2%

(b) A licensee may permit an indi-
vidual in a restricted area to receive a
dose to the whole body greater than that
permitted under paragraph. (a) of this

Ile donna of sample collection and the duration
Opionarlawat should be eufficlently short compared
to the Um* between collection and measurement, as not
to Wm statietloally shinflIcant effect 111744 the Molts.

Defined 39 FR 23990.
. +Amended 36 FR 1466.

showing each period of time after the
individual attained the age of 18 in which
the haditghtel received an occupational
does of rediation; and

(2) Oatcakes ow Fotes,NRC-4 in accord- '''
rue with the infractions appear-
ing therein, or on a clear and legible_
record containing all the information
required in that form, the previously act
cumulated occupational dose received by
,theandividual and the additional dose

allowed for that indlildual under
1 20.101(b).
,(aX0 Is the preparation of Form NRC-4.

or a clew mid legible record con-
taining all the information required in
that form, the licensee shall make a rea-
sonable effort to obtain reports of 'the
individual's previously accumulated oc-
cupational dose. For each period for
which the licensee obtains spell reports,
the licensee shall use the dose shown in
the repOrt in preparing the form. In
any cue where a licensee is unable to

. obtain reports of the individual's occu-
1 national' dose for a previous complete
calendar quarter, It shall be assumed
that the individual has received the oc-
cupational done specified In whichever
of the following columns apply:

817
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(b) The limits given In Appendix B,
Table I, of this part are based Upon
exposure to the concentrations specified
for forty hours in any period of seven
consecutive days. In any such period
where the number of hours of exposure
is less than forty, the limits specified
in e,,table may be increased propor-
tionately. In any such period where
the, number of hours of exposure is
greater than forty, the limits specified
in the table shall be decreased

..proportionately.
(C) (1) Except as authorized by the

Commission pursuant to this, paregraph,
no allowance shall be made for particle
size or the use of protective clothing
or bquipment in determining whether an
individual is exposed to.an airborne con-
centration in excess of the limits 'speci-
fied ih Appendix B, Table L

(2) The Commission may authorize a
licensee to expose an individual in a re- %

stricted area to airborne concentrations
fn excess of the limits sPecifierl in AP-

' pendia B, Table I, upon receipt, of an
application demonstrating that the con-
centration Is composed in whole or in
Pert Of particles of such size that such
particles are not respirable; and that
the individual still not inhale the con-
centrations.In exdass ef the Waite e.stasb-
lished in Appendix B, Table L Each
application under this subparagraph
shall include an analysis of particle sizes
in the concentrations:4nd a description
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of the methods used in determining the
Particle sizes.

(3) The Commission may authorize
a licensee to expose an individual in a
restricted area to airborne concentra-
tions in excess of the limits specified in
Appendix B, Table I.,upon _receipt of
an application demonstrating that the

mission will approve-the proposed limits
if the applicant demonstrates that the
proposed limits are not likely to cause
any individual to receive a dose to the
whole body in ahy period Of one calendar
year in excess of 0.5 rem.'

(b) Except as authorised by the Com-
mission pursuant to paragraph (a) of

tective equipment and that the individual or transfer licensed material such a
individual will wear appropriate pro- this section. no licensee shall possess,posse, use

will not inhale. ingest or absorb =anti-, manner as to create in any unrestricted
ties of radioactive material in excess of ka_ area from, radioactive material and other
those which might otherwise be permit- sources of radiation in his possession:
ted under this part for employees) in (1) Radiation levels which, if an indl-
restricted areas during a 40-hour week. vidual were continuously present in the
Each application under this subpara- area, could result in his receiving a dote
graph shall contain the following in excess of two minirems In any one
information: hour, or '

(1) A description of the protective (2) Radiationevelawhich, if an indi-
equipment to be employed, including the vidual were continuously present in the
efficiency of the equipment for the ma- area, could result in his receiving a dose
terial involved; in excess of 100 millirems in any seven

(11) Procedures for the fitting, main- consecutive days.
tensnce and cleaning or the Protective
equipment; and

20.106 Radioactivity la effluents to(111) Procedures governing the use of unrestricted areas,the protective equipment. including su-
pervisory procedures an length of time (a) A licensee shall not ixteeees,.'uae,
the equipment will be used by the indi- or transfer licensed material so as to re-"
victuals in each work week. The pro- lease to an unrestricted area-radioactive
posed periods for use of the equipthent
by any individual should not be of such
duration as would discourage observance
by the individual of the Dv/posed pro-
cedures: and

(Iv/ The average concentrations pres-
ent in the areas occupied by employees.
§ 20.104 Exposure ot minors.

¢ (a) No licensee shall possess, use orLL

ig.) transfer licensed material in such a
` manner as to cause any individual within

a restricted area who is under 18 years
of age, to receive ,,in any -period of one
calendar quarter from radioactige ma-
terial and other sources of radiation in
the licensee's possessioh a dose in excess
of 10 percent of-the limits specified in
the table in paragraph (a) of 120.101. active materiarcilscbarged in the effluent

(b) No 'licensee shalrpossess, use 3 would result in the exposure of an indi-
transfer licensed material in such a vidual to concentrations of radioactive,
manner as to cause any individual ucg material in air or water exceeding the
within k restricted area, who is urder 18 W, limits specified in Appendix "B", Table
years of age to be exposed to airborne II of this Part.
radioactive material posaessed by the (c) An application for higher limits.
licensee In an average concentration In Pursuant,to paragrapl?Ib) of this sec
excess of the limits specified in Appendix tion shall Include information demon-
B, Table II of this Part For purposes *treeing that the applicant has made a

'reasonable effort to minimise the radio-of this 'paragraph, concentrations may
discharged In effluentsbe averaged Over periods of greater

seeded and shill incluele, asthan a week. pertinent:(c) the provisions of paragraph (c) (1) Information as to flow rites, totalof 20.103. shall apply ,t0 explosures sub- volume of effluent, peak concentration ofject to paragraph (b) of this section. each radionuclide in the effluent, and con-
§ 20:105 Permissible level* of radiation centred= of each radionuclide In the

in unrestricted ircaw

1

material in concentrations which exceed
the limits specified in Appendix "3". I
Table II of this part. efoept as authorised'
Pursuant to 120.02 or paragraph (b) of cr
this section. For =moms of this sac u

lion concentrations may be averaged over
a period not greater than one year.

(b) An application for a license or
amendment may include proposed limits
higher than those specified M para-
graph (e) of this section. Tile Commis-
sion gill approve Ole proposed limits
if the applicant demonstrates:

I1) That the applicant has made a
reasonable effort to tnimise the radio-
activity centitned effluents to un-
restricted areas: and *

(2) That it .is not likely that I;adlo-

(a) There may be included in any ap-
plication for a license or for amendment
of a license/proposed limits upon levels
of radiation in unrestricted arms result-
ing from the applicant's possession or
use of radioactive Material and other
sources of radiation.' Such applications
should includeInformation as to antic',
Dated average radiation levels and an
ticipated occupancy ' for eaqt
unrestricted area involved The Coma

0
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effluent averaged over a period of one
Year at the point where the effluent leaves
a stack. tube, Pixie , or similar conduit;

(2) A descripuoin Of the properties of
the effluents, including:

(1) chemical composition:
(U) physical characteristics, jileiudingll

suspeode4 solids content id liquid efflu-
ents, and nature of gas or aerosol for air u.
effluents;

the'llYdrogen ion concentrations
(pm) of liquid effluents: and
(iv) the else range of particulates in

.
a

effluents released into air.
(1) diseription of the aanticipated

human occupancy IA the linrestaisted
area where the highest omsentratiou'of
radioactive material troveths alma is
expected, s.nd, in the cam of a river or
stream, a &menden of Intim uses down-
stream trace the point of release of the
effluent.

(4) Infinnatici as to the highest ma-
cent:ratite of each radiessuolide in an
unrselriotad area. including anticipated
ooncentiatione averaged over Plidad ofone year:

(i) In air at ear Point Of human co-mma; or
In water at points of use *rem-

strop= from ths point of release of theanent.
(5) The background concentration of

radionuclides in the receiving river cc
stream prior to the release of liquid
,.4)(4) A deecriptiOn of the environmental
monitoring eqUiPinsat, inchiding send-
Uvity of the system, and procedures and
calculations to determine concentrations
of radionuclides In the ithrestrieted his
and possibje rsecnoentrations of radio-
nuclides.

(7) A description 61 thd waste treat-
Ippnt facilities and procedures used to
reduce the ooncentration of radionuclides
in Aureate Odor to theirralems:

(d), Po( the purposes of this motion'
the conembretton limits in Appendix"3",
Table II of this part shall apply at the
boundary of the restricted area. The
concentrationet' radioactive material
discharged, through a stack, Pipe or aim-

, liar Conduit may be determined ,yrith
respect to the point where the material
leaves, the conduit. If the conduit dis-
agrees within the restricted area, the
concentration at the boundary may be
determined by applying appropriata
factors for dilution, dispersion, or decal.
between the point of discharge and the
boundary.

(e) In addition to limiting concdh-
trations in effluent streams, the Com-
mission may limit quantities of radio-
activematerials released In air or water
during a specified period of time if It
appears that the daily intake of radio-
active =aerial from air, water', or food
by a suitable sample of an exposed pop-
ulation group, averaged over a pedod
not exceeding one year, would otherwise
exceed the daily intake resulting from
continuous exposure to air or water con-
taining one-third the tration of
radioactive materials in AP-

oonoen

Pencils "15", Table II of this Pert
(f) The provisions of this section do

not apply to disposal of radioactive ma-
terial Intel sanitary sewerage systems,
which fa governed by J 20.103

II 20:107 Medkal diagnosis and therapy.
Nothing in the re4littions in this part

shall be interpreted as limiting the in-
tentional exposure of patients to radia-
tion for the purpose of medical diagnosis
or medical therapy.
1 20.1011 Orders requiring furnishing of

111..assay services... 4
Where necessary or desirable in order,'

to aid in determining the extent of an

846
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

individual's exposure to concentrations
of radioactive material, the Commission
may incorporate appropriate provisions
fn any license, directing the licensee to
make avallatle to the individual appro-
Pilate bio-assay services and to 4urnish
a copy of the reports of such services to
the Commission.

Paxcarrao Naar Paocrouus
'20.201 Surveys.

(a) As used in the regulations in this
Part. "survey" means an evaluation of
the radiation hazards incident to the pro-
duction, use, release, disposal, or pres-
ence ,of radioactive materials or other
sources of radiation under specific set
of conditioris. When appropriate. such
evaluation Includes a physical survey of
the location of materials and equipment.
and measurements of levels of radiation
or concentrations of radioactivematerial
Present.(b) Each licensee ahall make or cause
to be made such surveys as may be neces-
sary for him to comply with the resift-
tions in this part.
f 20.202 Personnel monitoring.

(a) Each licebsee shill supply appro-
priate personnel inonitoring equipment
to, and shall require the use of such
equipment by:

(1) Each individual who enters re-
stricted area under such circumstances
that he receives, or is likely to receive.

ce_ dose in any calendar quarter In excess
U. of 25 percent of the applicable value

specified in paragraph (a) of 1-20.101
-(2) Each individual under 13 years of

age who enters a restricted area under
such circumstances that he receives, or
is likely to receive. a dose in any calen-
dar quarter in excess of 5 percent of
the applicable value specified In para-
graph (a) of f 20.101.

(3)Each individual who enters a high
radiation area.

(b) As used In this part,
(1) "Personnel monitoring equipment"

means devices designed to be worn or
carried by an Individual for the purpose
of measuring the dose received (e. g..
film badges, pocket chambers, pocket
dosimeters, film rings, etc.);

(21 "Radiation area" means any area,
accessible to personnel, in which there
exists radiation, originating#112 whole or
in part within licensed material, at such
levels that a major portion of the body
could receive In any one hour a dose in
excess of 5 millirem. or In any 5 con-
secutive days a dose in excess of 100

(3) "High radiation area" means any
area, accessible to personnel, in which
there exists radiation originating In
whole or in part within licensed mate-
rial at such levels that a major portion ro

of the body could receive in any one hour
a'''`dose in excess of 100 raillh:eni.

u" 5 20,203 Caution signs, labels, signals,
LL and controls.

ig

(a) Genef;al. Cl) Except as otherwise
authorized by the Commission, sym-
bols prescribed by this section shall use
the conventional radiation.csution colors
(magenta or purple on yellow back-
ground). The symbol prescribed by this
section is the conventional three-bladed
design:

ILMATIOX STICK&

1. Crose.hatched area Is to be magenta or

'Pm"2. Background is to be yellow.

60

(2) In addition to the contents ofsigns
and labels prescribed, in this section, II-
ceruees may provide on or near such
signs and labels any additional informa-
tion which may be appropriate in aiding
individuals to minimize exposure to radi-
ation or to radioactive material.

(b) Radiation areas, Each radiation
area shall be conspicuouslyposted with
a sign or signs bearing the radiation cau-
tion symbol and the words:

CAUTION'
RADIATION AREA

(c) High radiation areas. Cl) Each
high radiation area shall be conspicu-
ously posted with a sign or signs bearing
the radiation caution symbol and the
words:

CAUTION'
ffiGS RADiArzote AI=

,

(2) Each entrance or access point
a high radiation area shall be:

(I) Equipped with a control cti;Ice,
which shall cause the level of radiation
to be reduced below that at which an
individ might receive a dose of 100
millirem in 1 hour upon entry into4he
area; or

(II) Equipped with a control device
which shall energize a conspicuous vis-
ible or audible alarm signal in such a
manner that the individual entering the
high radiation area and the licensee or
s supervisor of the activity are made
'were of the entry; or

(III) Maintained locked except during
Periods when accesb to the area Is re-

_

, Or "Danger "
. -.
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mitred, with positive control over each
individual entry.

(3) The controls required-by subPars-
graph (2) of this paragraph shall be
established in such a way that no indi-
vidual will be prevented from leaving a
high radiation area.

(4) In the case of a high radiation
area established fors( period of 30 days
or less, direct surveillance to prevent un-
authorized witty may be substituted for
the controls required by subparagraph
(2) of this paragraph.

LL
.(5) Any licensee, or applicant for a'

to- license, may apply to the Commission -
for approval of methods not included in
subparagraphs (2) and (4) of this para-
graph for controlling access to high radi-
ation areas. The Commission will
approve the proposed alternatives if the
licensee or applicant demonstrates that
the alternative methods of control will
Prevent unauthorized entry into a high
radiation area. and that the requirement
of subpersgraph (3) of this paragriph Is

1--
met.

(d) Airborne radioactivity areas. (1)

As used in the regulations in this Part.
"airborne radioactivity area" means (i)
any room, enclosure, or operating area
An which airborne radioactive materikla,
composed wholly or partly of licensed

tefial. exist in concentrations in ex-
cmaess of the amounts specified in Appen-
dix B, Table I, Column 1 of this part; or
(ID any room, enclosure, or operating
area in which airborne radioactive mate-

The composed wholly or partly of licensed
material exists In concentrations which,
averaged over the number of hours in
any week during which individuals are
in the area, exceed .25. Percent of the
amounts specified in Appendix B, Table I.
Column 1 of this part.

(2) Each airborne radioactivity area
shall be conspicuously posted with i sign
or signs bearing the radiation caution
symbol and the words: '

CA1TTION 1

' AIRBORNX
)tAknoAcTrOPY ANSA '

(e) 'Additional requirements. (1) Each

area or room in which licensed material
is usesror stored and which contains any
radioactive mallet (other than natural
uranium or tho um) In an amount a-
cceding 10 times the quantity- of such
material specified in Appendix C of this
part shall be conspicuously posted with
a sign or signs bearing the radiation
caution symbol and the words: '

CAUTION'
RADIOACTIVE MATTNIAL(5)

(2) Each area or room in which nat-
ural uranium or thorium is used or
stored in an amount exceeding one-

hundred times the quantity specified In

ApndilCoftbispartsla be
con -

spicuously P0atedwha sign or signs

bearing the radiatiob caution symbol
and the words:

. CAUTION'

[
RADIOACTIVE, iiATBRIAL OP

(f) Containers. (1) Except as pro-
vided In subparagraph (3) of this para-

, graph,.each container of licensed mate-
,
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION
vial shall bear a durable, clearly visible
label identifying the radioactive con-t.

(2) A label required pursuant to sub-
ph (1) of this paragraph shall

the radiation caution symbol and
words "CAUTION, RADIOACTIVE

" or "DANGER. RADIOAC-
MATERIAL ". It shall also provide
nt information' to permit in-

handling or using the con-
or working in the vicinity there-

Precautions to avoid or mini-of, to
mire

(3) twithstanding the provisions of
sub' ph (1) of this paragraph,
labeling ot required:

(I) For tattlers that do not con-
tain U materials in quantities
greater than applicable quantities
listed in Appendix

(II) For con
of this part.

containine only
natural uranium or thorium in quantities
no greater than 10 times the applicable

cc

A patients containing byproduct material
{.., provided that there are personnel in at-
$ tendance who will take the precautions
ce necessary to prevent the exposure of any
u. individual to radiation or radioactive
A material in excess of the limits estab-
Llished in the regulations in this part.

r
(e) Caution signs are not required to

be posted at areas or rooms containing
radioactive materials for periods of lest

w than eight hours provided that (1) the
.$. materials are constantly attended during
. such periods by an individual-who shall
U. T. take the precautions necessary to pre-
en vent the exposure of any Individual to

radiation or radioactiveLradia materials in ex-
tees of the limits established in the regu-
lations in this part and; (2) such area or
room Is subject to the licensee's control.

f (d) A room or other area is not re- *
quired to be posted with a caution sign,
and control is riot required for each en-
trance or access point to a room or other
area which is a high radiation area solely
because of the presence of radioactive
materials prepared for° transport and
packaged and labeled in accordance with
regulations of the Department of g vii
Transportation. en Special Yonn---W

quantities) listed in Appendix C of thispart.
cc

MD For containers that do not con- ILfain licensed materials in concentrations
greater than the applicable concentra-
tions listed in Column 2, Table I, Ap-
pendix B of this part.

(Iv) For containers when they are at-
tended by an individual who takes the
precautions necessary to prevent the
exposure of any individual to radiation or
radioactive materials in excess of the
limits established by the regulations inthis part.

(v) For containers when they are in
transport and packaged and labeled in
accordance with regulations of the
Department of Transportation .

(vi) For containers which are acces-sible' only to individuals authorized to
handle or use them, or to work in The
vicinity thereof, Provided that the con-tents are identified to such individualsby a readily available written record.(vii) For manufacturing or process
equipment, such as nuclear reactors, re-
actor components, piping, and tanks.

[a 20.204 Same: exceptions.
P.'

Notwit nding the provisions of FT.
-g 1 2(0a.2)03.

..
cc

m or area is not required to o-
cc caution sign because o1 RLL the presence of a sealed source provided

housing does not exceed five millirem
Per hour.

the radiation level twelve inches from
the surface of the source container or

r(b) Rooms or other areas in hospitals
are not required to be posted with cau-
tion signs, and control of entrance or
access thereto pursuant to f 20.203(c) is
not required, because of the presence of

1 As appropriate, the information will in.
elude radiation levels, kinds of material, s-
tunts of activity. data for which activity is
estimated. mass enrichment, etc.

Tor example, containers in locations such
u waterfilled canals, stomp vsnits, or bat
cells.

Amended 34 FR 19546.

days and a total quantity of no manthan 100 millicuries.
The monitoring shill be pedoemed as

soon as practicable after nail*, but nolater than three hours after the pack-
age Is received at the licensee's facility
if received during the tic's:trees normal
working hours, or elghtein hours if re-
ceived after normal working hours.

(2) If removable radioactive contami-
nation in excess of 0.01 roicrocuries
(22,00 disintegrations per =butte) per
100 square centimeters of packs.. sur-
face Is found on the external surfaces of
the package& the licensee shall immedi-
ately notify the final delivering carrier
and, by telephone and telegraph. the 110-
proptiate Nuclear Regulatory Commission In-
spection and Enforcement Regional Office
shown in Appendix D.
TAIL; Or Wares asp Tram A enurrrroat

Towrope Tyu ATrumped group' sannly Mint quantity Man
m'aeostas.) Oa awn)

§ 20.205 Procedures for picking up, re-
ceiving, and opening packages.

(a) (1) kith licensee who expects to
receive a package containing quantities
of radioactive material in excess of the
Type A quantities specified in paragraph
(b) of this section shall:

(I) If the package is to be delivered
to the licensee's facility by the carrier.
make arrangements to receive the pack-
age when it is offered for delivery by the
carrier; or

(U) If the package is to be picked up
by the licensee at the carrier's terminal,
make arrangements to receive notifica-
tion from the carrier of the arrival of the
package, at the time of arrival.

(2) Each licensee who picks up a
package of radioactive material from a
carrier's terminal shall pick up the pack-
age expeditiously upon receipt ofnotifi-
cation from the carrier of its arrival.

(b) (1) Each licensee, upon receipt of
a package of radioactive material, shall
monitor the external surfaces of the
package for radioactive contamination
caused by leakage of the radioactive con-
tents, except:

(I) Packages containing no more than
the exempt quantity specified in the
table in this paragraph;

(ii) Packages containing no more
than 10 millicuries of radioactive mate-
rial consisting solely of tritium, carbon-
14, suliur-36, or iodine-125;

(t11) Packages containing only radio-
active material as pset or in special
form;

(iv) Packages containing only radio-
active material in other than liquid form
(including )t(o-99/Tc-99tn generators)
and not exceeding the Type A quantity
limit specified in the table in this para-
graph; and

(v) Packages containing only radio-
nuclides with half-lives of less than .30
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n (c) (1) Each licensee, upon receipt of aU. package containing quantities of radio -
g, active material In excess of the Type A

quantities specified in paragraph (b) of
this section, other than those transported
by exclusive use vehicle, shall monitor
the radiation levels external to the Pack-
age. The package shall be monitored as
soon as practicable' atter receipt, but,no
later than three hours after the package
it received at the licensees facility if
received during the licensee's, normal
working hours, or 1$ hours U received
after normal working hours.

(2) If radiation levels are found oaf the
external surface of the package in excess
of 200 millirem per hour, or at three feet
from the external surface of the package
in excess of 10 millirem per hour, the
licensee ilia immediately notify, by
telephone and telegraph, the final de-
livable carrier and the appropriate
Nuclear Regulatory Commission Inspection
and Enforcement Regional Office shown in
Appendix D.

(d) Etch licensee shall establish and
maintain procedures for safely opening
packages in which licensed material is
received, And shall assure that such pro-
cedures are followed and that due eon-
sideratka is given to special instructions.
for the type of package being opened'.

§ 20.206 Instruction of personnel.
Instructions required for individuals

cc working in or ferquenting any portion of
U. a restricted area are specified in 19.12
F8 of this chapter.t-

1 The definition' of Icareport= sad "suslal
ism" ars spocitiA ia I 71.4 of Ms
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$ 20.207 Stamps of licensed materials.
Licensed materials stored In an unre-

stricted area shall be secured against un-
authorized removal from the pleas of
storage.

Warn DIATOW.

§ 20.301 General requirement.
No licensee shall dispose of licensed

material except:
(a) By transfer to an authorized re-
plant as provided in the regulations In

Part 30.40, or 70 of this chapter, which-
ever may be applicable; or

(b) As authorized pursuant to
120.302; or

(c) As provided in 120.103 or
f 20.304, applicable respectively to the
disposal of licensed Materiel by release
into sanitary sewerage systems or burial
In soil, or In f 20.106 (Radioactivity
Effluents to Unrestricted Areas).

§ 20.302 Method for obtaining approval
cc of proposed disposal procedures.
u. * (a) ty licensee or applicant for A

license y apply to the Commission fOr
approval of proposed procedures to dis-
pose of licensed material in a manner not
otherwise authorized In the regulations
In this chapter. Each application should

city does not exceed the larger of sub-
paragraphs (1) or (2) of thisparagraph:

(1) The quantity which, if diluted )4
the average daily quantity of sewage re-
leased into_ the sewer by the licensee.
will result in an average concentration
equal to the limits specified in Appendix
B, Table I. Column 2 of this part; or

(2) Ten times the quantity of such
material specified in Appendix C of this
Pert: and -

(c) The quantity of any licensed or
other radioactive material released in
any one month, U diluted by the average
monthly quantity of water released by
the licensee, will not result In an average
concentration exceeding tire limits spec-
ified In Appendix B, Table r, Column 2
of this part; and

(d) The gross quantity of licensed and
other radioactive material released into
the sewerage system by the licensee does
not exceed one curie per year.
Excreta from individuals undergoing
medical diagnosis or therapy with radio-
active material shall be exempt from

any limitations contained In this
section.
20.304 Disposal lade! in soil.

Include a description of the licensed me- rs.

tenet and any other radioactive material5..,"" unless:
Involved. Including the quantities and --e"'"" -""' soil

kinds of such material'and th2 levels of u. (11) Tice total slitlantIty of licensed and

radioactivity Involved, and the propmedoother radioactive materials bpried at any

manner and conditions of disposal. The
application should also include an anal-
ysis and evaluation of pertinent informa-
tion as to the nature of the environment.
Including topographical, geological, me-
teorological, and hydrological character-
istics; usage of ground and surface
waters In the general area; the nature
and location of other potentially affected
facilities; and procedures to be observed

to minimise the risk of unexpected or
hazardous exposuria.

ere (b) The Commission will not approve
any application for a license to receive

n. licensed material from other persons for
II disposal at land not owned by the
g Federal government or by a State
I government.

Arany application for a license for disposal(c) The Commission will not approve

4 of licensed material at sea unless the
fr applicant shows that sea disposal often
u. less harm to man or the environment

yithan other practical alternative methods
of disposal.

p 20.303 Disposal by release into sani-
tary sewerage systems.

I which:1411st be maintained Pursuanttht v-

I 'the provisions of paragraph 00 of
s2 section and rheords of bio-assays, Includ-
ii .bag results of whole body counting exam-
n fastions, made pursuant to f 20,10k_sliell;
U. be. preserved finutinttely or until the
A Coninllaion authotire their' disposal.

Records which must be msintainnipur-
IRMA to this part may be maintained M
the fonscf microfilms.

"one location and time don exceed, at
the time of burial, 1,000 es the amount

Specified in Appendix C this part; and
(b) Burial is at a minimum depth of g

four feet; and
(o) Successive burials are separated by is.

distancesof at least sex feet and not more
than 12 burials are made in any year.

$ 20.305 Zeeman* ordisposal by Mein-
erasion.

No licensee shall !rest or dispose of
licensed material by incineration except
as specifically approved by the Commis-
sion pursuant to II 20.106(b) and 20.302.

MOM. MOM. AXIS xoemncavmox

1 20.401 Records of surveys, radiation
monitoring, and dispose .

(a) Each licensee 'shall maintain rec-
ords showing the radiation exposures of
all individuals for whom personnel mon- ,
florins is required under f 20.202 of the
regulations In this min. Such ncords shall
be kept on Form )IRCd, In accord-

ance with the Instructions contained in
that form or on clear and legible rec-
ords containing all the Information re-
quiredby Form NRC.5, The doses entered
on the forms or records shall be for
periods of Um? not exceeding one calen-
dar quarter. -'

...II 20.402 Report* of theft or lo** of
lirensed material. .

(a) EaCh licensee shall report by-tele-
phone and telegraph to the Director of
the appropriate Nuclear Regulatory Commis-
sion Inspection and Enforcement Regional

Office listed
'in Appendix D, immedietely after Its oc-
currence becomes known to the licensee,
any loss or theft of licensed material in
such quantities and under such circum-
stances that it appears to the licenses
that a substantial hazard may result to
Persons in unrestricted areas.

(b) Eacli licensee who is required to
make a telephonic and telegraphic re-
port pursuant to paragraph (a) of this
section shall, within 30 days after he
learns of the loss or theft, make s report
in writing to the ,Director of Inspection and
Enforcement, U.S. Nuclear Regulatory Com-
mission, Washington, D.C. 20535, witla a
copy to the Director of the appropriate Nu-
clear Regulate)* Commission Inspection and
diElfoitzement Regional Office listed in APPem

setting forth the following Information:
(1) A description of the licensed

material involved, including kind, CIRan-
MY, chemical, and physical form:

(2) A description of the circum-
stances under which the loss, or theft
occurred;

(§) "A statement of disposition or
probable disposition of the licensed
material involved;

(4) Radiation exposures to Individ-
uals, circumstances under which the ex-
Ponires occurred, and the extent of pa-
Able hazard to Persona In unrestricted
ASCU:

(5) Actions which have been taken, or
will be taken, to recover the material:
and

(6) Procedures or Measures which
have been or will be adopted to prevent
a recurrence of the loss or theft of
tensed material.

(c) Subsequent to filing the written
report the licensee shall also report any
substantivo additional Information on
the loss or theftrwhich becomes available

to the licensee, within 30claye alter he
learns of such information.

(d) Any report 'Med with Cie Com-
mission pursuant to this section shall be
so prepared that names of individuals

/ No licensee shill dispharge licensed
who may have received exposure to

8 material Into a maw"' acwelike allateT (b) lb" itemise &au =loath rec., radiation are stated in a icnarate Part

unless:
el the report.

U. (a) It Is readily soluble or dispersible p cal in tall sum units used In this Mt.

(b) The quantity of any licensed or Sc by 120.201(b), monitoring required-by §2Q.403 Notilirations of Incident*,
in water; and

- showing the multi of muveys required

other rectioacthe material released Into E,1 20206(b) and 20.206(c), and_diaanala (a) immediate notifiCatiOn. FEach li-

the system by the licensee in any one made under 11 20.352, 20403. am Nig& censee shill immediately notify the Di-
u- rector of the appropriate Nuclear Regulatory

Records of individual exposure to P. Commission Inspection and Enforcement Re-

ryalleetion end to radioactive material 7 &nal Office
Redesignated 36 FR 231.35. a

819, 'April 30, 19/5
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PART 20 .o
STANDARDS FOR PROTECTION AGAINST RADIATION

shown InNippenclix 13 by telephone and
telegraph sz any incident involving by-
13MM:wt. Wince or special nuclear mate-
rial possessed by' him and which mayhave caused or threatens to cause:

a.,) Exposure of the whole body ofanyIndiVidual to 25 rims or more of radia-
tion; exposure of the skin of the wholebody of any individual of 150 reins or
more of rantation, or exposure of the
feet, ankles, bands or forearms of any
individual to 375 rents or more,of radla-
Pon; or

(21 The release of radioactive mate-
rial in concentrations which, if averaged
over a leriod of 24 hours, would exceed
5,000 times the is mits spetified fee such
materials in Appendix B, Table 11; or r, (3) A loss of one, working week or
more of the operation of 'any facilities
uffpcted. or

(4) pomace to property In excess of
. 6100,000

(b) Twenty-four hour notification
s as Each licensee shall within 24 hours

notify the bdector of the apProptiate
Nucleaellegulatory ComOission Inspection

Enforcement Regional Office listed in
Ap ndix D
by lephone and telegraph of any incl.
dent Involving licensed material pos-
sessed by him and which may have
caused of threatens to cause:

(1) Exposure of the whole body of any
individual to 5 rams or more of radia-
tion; exposure of the skin othewhole
body of any Individual to 30 rents or
more of radiation; or exppsure of the
feet, ankle*, hands, or forearms to 76
rem/ or more of radiation; or

(2) The release of radioactive mate-
dal in concentrations which, if aver-
aged over a period of 24 hours, would
exceed 500 times the limits specified for
such materials in Appendix la, Table 11:.Or -

(3) A loos 'of one day or more of the
operation of any facilities affected:* or 2

(4) Damage to. property in excess of31.000.so

tr

ti! .u.
g (c) Any report filed with the Com-
;Q -mlapite pursuant to this section shall be
" prepared so that' names of individuals('cc
4_, who have recelved_exposure to radiation

be stated in a separate part of the:wort, - J

§ 20.404 .

120.405 Reports of overexposures and
excessive levels:mind concentrations.

(a) In addition to any notification
required by f 20.403. each licensee shall
make a report in writing within 30 days
to the Directorld Inspection and Enforce-
ment' U,S. Nuclear Regulatory Commission,

§ Washington, D.C. 2065,S with a copy to the
appropnate Nuclear Regulatory Commission
Inspection and Enforcement. Regional Office

listed in Appendix D,e
" of 11) each exposure of an individual to

radiation Or concentration of radioac-
tive material In excess of any applicable
limit in this part or in the licensee's
license; (2) any incident for which nOti-
&salon is required by 5 20.403; and (3)
levels of radiation or concentrations of
radioactive material not involving ex-
cessive exposure of any individual) in

Deleted 38,1 it 22220.

April 30, 11175'

an unrestrIcVd area In excess of ten
any applicable limit set forth In=part or In the licensees license.

Each report requited under
this paragraph shall describe the extent
of exposure of pekoes to radiation or to
radioactive miterial, including estimates
of each Individual's exposure as required
by Paragraph (61 of this section; levels of
radiation and concentrations of radio-
mil* material Involved: the cause of
the eanosure, levels or concentrations:
and corrective steps taken or planned to
assure against a recurrence.

(b) Any report filed with the COmmis-
sion pursuant to this section shall in-
clude for each Individual exposed the
name, social security number, and date
of birth; and an estimate of the indi-
vidual'? exposure. The report shall be
prepared so ' that this information is
stated in a separate part of the report.

(c) t "

s20.406 t
;20.407 Personnel eaposnre and, moo-

hosing repoets.

(a) This section applies to egch person li-
censed by the Commission or the Atomic En-
ergy Commission to:

(1) Operate k nuclear reactor de-
signed to produce electrical or heat
energy pursuant to 50.21(b) or 50.22'of this chapter or a testing facility asdefined in 50.2(r) 'ot this chapter;

(2) Possess or use byproduct xtuterial
for purposes of radiography Pursuant toParts 30 and 34 of this thapte,r; t

(3) Possess or use at any one time.
for purposes of fuel processing fabrica-
tion, or reprocessing, special nuclear ma-
terial in a quantity exceeding 5,000 gramsof contained uranium-235, uranium-233,
or plutonium or any combination thereof
Pursuant to Part 70 of this chapter; or

(4)
for p
tribution
of this c

or use at any one time,
or manufacturing for`dLs-
usuit to Part 30, 32, or 33

byproduct material in
quantities& g anyone of the fol-
lowing quantities:
Radionuclide a qty in curies
Cesium -137
Cobalt 60 ICold-191 tooIodine-131 1Iridium-192
Krypton.45
Promet3lum-147
Technetium-99m 1, 000 Lt.

activities covering the preceding calen-dar year:
(1) A report of either (1) the total

number, of individuals for whom per-
sonnel monitoring was required under
H 20.202(a) or 34.33(g) of this chaptsc,
during taus calendar year, or (ii) the total',
number of Individuals for whom person -nel .4

mdttitoring was provided during the 1 ,calendar year; Provided, that inch totalinclude/ at least the numberof individ- .nails required to be reported under pant-
, graph (b) (1) (1) of this section. The re-
port shall Indicate whether it is sub-
mitted in accordance with paragraph`
(b1 (1) U) or (11) of this traction.

(2) ;A statistical summary report ofthe personnel monitoring informationrecorded by the licensee for individualsfor whom personnel monitoring waseither required or provided. as described
in 20.407(b) (1).'indicating the number
of individuals whose total whole body
exposure recorded during the previous

year was In each of thefollow-
estimated eseposure ranges:

Satimated Whole. Body Number Of
EZpOrtirs RdIspe OUtiViihkal In(Remota each range

No measurable exposure
Measurable exposure lees than 0.1_
0.1 to 0.25 '-0.35 to 0.5.. '
0.5 to 0.75
1).75 to I
I to 2__.
2 to 9
3 to 4
4 to 5Ito.
5 to 7

to g
g to 9

to 10
20 to 11
11 to 12.'
12÷

The lqw exposure range data are re-
quired in order to obtain better informa-
tion about the exposures actually re-
corded. This section does not require
improvbc1 measurements.

§ 20.408 Reports of personnel expo-
sure on termination of employment
onwork.

When an individual terminates em-
u) 5 20.407, or an In dual

sub t to
a7i to

Idoyment with a lie

1 °°°M work In such a lice 's facilit , b not10
cc employed by the licensee, completes his

(b) ,Each person described in Para-graph (a) of this section shall, within
the first quarter of each calendar year,
submit to the Executive Director for Opera-
tions, U.S. Nuclear Regulatory Commission,
Washington, D.C. 20555, the following re-
ports, applicable to the described licensed

IThe Commission tray requIre. as a license
condition, or by' rule, regulation. or order
pursuant to 20.509, reports from &anew
who are licensed to use radionuclide. not onthis list, in quantities sufilcient to pante
comparable radiation Needs.
t Deleted 38 FR 223.20.

850

822

work assignment in the licensee's facility,
the licensee shall furnish * to the Executive
Director for Operations, U.S. Nuclear R
latory Commission, Washington, D.C. 20555,
a report of the in-
dividual's exposure to radiation and ra-
dioactive material, in ed during the

.4177=mewhose license exdPire r terminotes prior to. or on the last ay o he cal.ender year. shall submit reports Si th *Mr-anon or termination of the license, CO insthat part of the year during which the ensewas in effect.

.Individual values exactly aqua) to
values separating gxpoeure Bangle shad
reported In the high*? ma. ,

Amended 38 FR 22220. .
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

1 prod a employment or work 'assign- APPENDIX A ( ]

meat in the licensees facility, contain-

Reserved

inginforniationreccrded by the Menke"
PUISUant-to H 20:401(a) and 20.148..Such
report shall be. furnished wittlie30*dair

u. titer the exposure of the individual -has
been deterirtined by the licensee or 90

, s earlier.i

days after the date of termination of em-
ployment or wink assignment, whichever

20.409' tithe. cations arse reports to

(a) Requirements for notifications
and reports to individuals of apiece to

4 radiation or radioactive material are *

N specified In 1 19.13 of this chapter.
th). a licensee is DDT-

= scant to 0.405 or 20.401 to to
the C on any exposure
dividual to on or radl mar
Serial. the theshall also

%
lnditldttal. Such notice shall be trans-
mitted at It time not later than the

. transmittal to the Commiasion. and shall
coroplg with the provisions off 19.13(a)
of-this chapter.

EXCIPTIONIS AND ADDITIONAL
Rsonntrarmrs

§ 20.501 Application, for exemptions.
',The Commission may, upon application-

by any licensee or upon its own initiatirc.
;ant such exemptions from the require-

.. menta of the regulations in this part as
R it determines are authorized by law and

1 4111 not result in undue hazard to life or
cc PrPPerty.

§ 20.502 Additional requirements.
The Commission may, by title, regulit-

tionoor order. impose upon ang licensee
such requirements, in addition to those
established in the regulations in this
pert, as it deems appropriate or necessary
to protect health or to minimize danger
to life or pronerty.

20.601 Violations.
An injunction or other court order

may be obtained prohibiting any viola-
tion of any provision of the Atomic
Energy Act of 1964, as amended, or Title
U of the Energy Reorganization Act of
1974, or any regulation or. order issued
thereunder. A court order may be ob.:
tained for the payment of a civil penalty

. imposed pursuant to section 234 of the
t'i; Act for violation of section 53, 57, 62. 63,
cc 81, 82, 101, 103. 104, 107, or 109 of the

. LA- Act, or section 296 of theEnergy Reorga-

. nization Act of 1974, or any rule, regula-
tion; or order issued thereunder, or any
term, condition, or limitation of any
license issued thereunder, or for any
violation for which a license may be re-
voked under section 186 of the Act. Apy
person who willfully violates any pro-
vision of the Act or any regulation or

-order issued thereunder may be guilty of
crime and. upon conviction, may be

pi nLibed by fine or imprisonrdent 'or;
both, as provided b' law.

851 April 30, 1915
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PART 20. STANDARDS FOR PROTECTION AGAINST RADIATION
NOTE TO APPENDIX B 1 3. If any of the conditions specified below

Nom In any mu where there is a mixture in air oe are Met the corresponding values specified
water of mon than ea ractiontlelide, the limiting values below may be used fatlIPu of those specifiedlor purposes of this Appendix should be determined as in paragraph 2 above.lollswd

1. If Lbe identity and coneentration of oath radionu a, If the identity of each radionuclide in
else are limiting due, 'the niixture is known but the concentration

should be derived as follows Determine, for each ra of one or more of the radionuclides in the'e... dyonafirte In the mixtUrr. the ratio between tbe quantity to mixture is not known. the concentrationg prate= In the cthture and the limit otherwise stab-a U1t for the mixture is the limit specified- lisbed In Appendix B for the speethe radionuclide when= In Appendix as. for the radionuclide in theyr not In a mixtme. The sum of such ratios for all the
cc ure baying the lowest concentrationIL radionuclides In the mixture may not exceed "1" (re.,
LL"unity"). o- limit; or4.4 EXA101-L: If radionuclides A. B, and C are preSent co b. If the identity of each radionuclide inIn concentrations C... Cs, and Ce, and.i1 the aPPIlmillec4 the mixture Is not known, but it is known

that certain radionuclides specified in Ap-
pendix "B" are not present in the mixture,
the concentration limit for the mixture Ls

/ the lowest concentration limit specified in
Appendix "B" for any radionuclide which Ls
not known to be absent from the mixture;
or

afPC's, are MPC0, and MPC,, and 31PCc reopen
tieely, then the concentratkins shall be limited so that
tbefollewizts relationship exists

CA Cs CC SINIPCA NIPCa NIPCy
r-

2. If either the identity or the concentrsiion of snj
radionuclide in the mixture b not know-n.414 limiting
values for purtkees of Appendix s --

ce a. Por purposes of Table I. Col. 1-6x 1010°
LL b. Tor purposes of Table I, Col. 2-4 X 101

c. por purposes of Table U. Col. 1-2 x 10.9
d. Per purposes of Table II, Col. 2-3 x 10-1

e. Mama (atomic number) and isotope

'

Table I Table II

Column I
Air faCifral)

4

-Q,iguntn 2
wAttthr

)h2CiftnI

Column 1
Air isCiintil

Column 2
Water

taCien1)(....":
lilt is known that S i C O , 1 125. 11 2 6 , 1 1 2 9 , 11 3 1 , (I 133,

table II only), Pb 210, Po 210, At 310, Rs 223, Ra 224,
Ra 221, Ae =7, Ra 226, Th pu. Pa 231, Th1,531, Tio
net, Cip 248, CI 254, and Fm 256 are not present..

If it is known that Sr 90. I 125, LI26, I 1,29, (1 131, 1 133,
table II only), Pb 210 Po 210, Rs 223, Ra 226, Ra 226.
Pa 231, Tbnat, Cm V., Cl 254. and Fin 256 an not

Urge:nown that St 90, 1 129, (I 125. 1 126, 173+ table II
only), Pb 210, Res 226, Ra 223, Cm 241, 014 CSI 25S arenot present. ,

Bit Is known that (I 179, table II only), Res 226, and Ra
227 ars not present.

U It b known that *Inhuming:vs and Sr 90, 112/. Pb
210, Ae 227, Ra 22S, Pa 230,Pu 241, and ilk 249 are not
present

U it is known that alpha-mine; and Pb 210, Ae 227,
Ra 223, and Pu 241 are not present

U It is known thatalphatmithers and A9 227 are not
present

U it Is known that Ae 227, Th 230, Pa231, Pu 2317 Pu
239, Pu 240, Pu 242, Pu 244, Cm 248, Cl 249 and Cl 251
an not present

e

n'
3X10

3X10-0

3X100

2X10-41

19X104

6X104

2)(104

3X10-4 7
1X13-14

1)(10u

1X13-11

1)02

3X10-4

2)(104

11X104

1 1X10-1

a

April 30, 1975

,..,1"," 4. If the mixture of radionuclides con-
s slits of uranium and its daughter progucte-
e4 no, ore dust prior to chemical processing of
,.,.. the'uranitun ore, the values specified below

may be used in lieu of those determined In
0 accordance with paragraph I above or thou
0+ specified In paragraphs 2 and 3 above.1-

a. Tor purposes of Table I, Col. 1-15(.10.
6 AiCi/mi gross alpha activity; or 5x10-u ACl/
a, ml natural uranium; or .75 micrograms per
c4 cubic meter of air natural uranium.

b. For purposes of Table 1T, Col. 1-3 X 10-9
Ii. ACl/Lal you alpbaactivity; .or 2 X10-12 p01/
0 ml natural uranium; or 2 micrograms. per

cubic metier of air natural uranium:

ti-
5. For purposes of this note, a radio-

r(uclide may be considered u not present in
a mixture if (a) the ratio of the concentra-
tion of that radionuclide in the mixture

g
(Ca) to the concentration limit for that
radionuclide specified in Table )I of .Ap"-

= pendix , B (111PC.) does ndt exceed Ms
EE . Ca, '1(Le. -r.---.a-) and (b) the sum of such
co srPC's .0
0+ ratios for all the considered as

not present` in thismixture. dose net exceed
Mi

1Cs Ca ,

858

810.

.0

.
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION
Any .elpha emitting radionuclide

not Wad abore or Mixtures of
alpha emitters of ;unknown corn-. position

Any radionUelidi other than alpha
emitting rsclionnclido. not listed
shove cc mixtures of bets 'mite
ters of unknown ft:imposition-- .

Americium-241
Antimony-122
Antimony-134
Antimony-125
Arsenic-73
Arserac-74
Armnic-76
Arsenic-77
Barium-131
Banum-133
Barium-140
Bismuth-310
Bromine-82
Cadmium-109
CsAtnium-115m
Cednitum-115
Calcium-46
calclum-47
Carbon-14 '
Cerium-141
Cerium-143
Cerium-144
Cesium-131
Ceslum-134m
Cesium-124
Cesinm-135
Cesium-1311
Cesium-137
Chlorine-36
Chlorine-32
Chromium-51 2

Cobalt-Um
Cobalt-611
Cobalt-60
Copper-0
Dysprosium-165
DysprOsium-1611
Erbium-16e
Erbium-171
Europium-152 32 b

N Europium-152 13 yr
Europium-154
Esropium-155

u. 'Fluorine-16
o Gedolintum-153
c'7 Gadolinium-159

Chtilluln-72
Germanium-71
Gold-196 -
Gold-199
Hafnium-lel
Holmium-1U
Hydrogen-3
Indium-113m
Indium-114m
Indium-11501
Indium-115
Iodine-125
Iodine-126
lodlm-129
lodlne-131
Iodine-132
Iodine-123
Iodlne-134
Iodine-135
Iridium-192
Iridium-194
Iron-56
Iron49
Krypton-0
BalgArna-111 10

Lanthanum-140
Lutetium-177
Aftenaltheee-152
Manganese-54
Manganese-6e
Mercury-197m
Rercury-197 .1
Mercury-SOS
Molybdenum-99
Neodymium-147
Neodymium;149
Nickel-59
Nickel-62
Nickel-4th
Niobium-93m
Ntoblum-55 .
Niobium-97
Othtlurn-156

Ar-rmestc C
Retrial $ Kier °curies

.01
.100

10
10

100
10
10

100
10 \
10
iv

1

10

$10d10
100
10
10

100
100
100

1

1,000
100

10
10
10
10
so

1.000
10
10

1

100
10

100
100
100

Meterisi Kicrontri
Oem1um-191m`--- 100
11YEtolum-1111 100
Osmium-193 200
Palladium-103 106
panscuum-100 , 109
pho9psiorm-32 10
platinum-191 100
Plstbium-i93 re- 100
Platinum-193 100
Platinum-lirthe 100
Platinum-167 100
Plutonium-2211
Polonium-210
Potsasium-42
PramodYmlum142
Praseodymium-143
Promethium-147
Prornethlurn-1411
Etedium-236'-
Rheniwn-116
Rhenium-1N
Rhodlurn-103m
Rhodium-106
Rubidium-8g
Rubidium-67
Ruthenium-97
Ruthenium-105 .....
Ruthenium-106
Rifthealwri-1011
Samarium-151
Sernarium-153
Scandium-44

Cs

0
10. - 100

100
10
10

.01

Norm Pm purposes of it 20203 and 20.304.
whom there is Involved a coMbinstion of DO-
tops* in know:I'm:taunts the limit for the

Maim should be derived as follows:
.01 a Deternithe, for each isotope in the *opting-

Uon, the ratio between the quantity **tent
ff.in the comblzuttion sad the limit otherwise

established for the spedflo isotope when not
114 in combination. The sum of such ratios for

all tli Isotopes lethe combination may not
maid "1" (1.e.eunitr'). Kemple: Poe pur-
poses of I 30.304 If particular batch con-

100 taint pat of Au7911 end 50,000 ACII.01

100
of 04. it may.sho include not more than
300 sat of 17.. This limit was determined

100 as follows:
100

10 + .217,MAI-S-14 W-re_t.11/2..
10 -MOM Iss ammo wet ,i,00s .cs

100 The denominator eadt of the above
10 ratios was obtained *multiplying the figure
10 in the table by 1.00054 provided 111, 20304.

0

0

1
100

1

.100
Scandiurn-411 _ ___ 10

Selenium-76 sr_ 10
Sillcon-31 100
Silver-10 .,... 10

Silver-110m 1

Sliver-111 100
Sodium-24 10
Strontlum-101 10

100 ,,,,, Strontium-ell 1

1 L'.1 Strontium-90 ------- ........ 0.1
1 a StronUum-91 10

10 ct Strontium-92 10

1.000 U. Sulphur-35 100

10 112 Tantalum-162 10
100 " TeclineUum-116 10

10 . Technetium-97m r 100

... 100 Technetium-97 1

100 TechneUum-99m .-- 1

100 Technetium-99 10

10 Tellurium-128m - 10

' 100 Tellurium-127m 10

1.000 Tellurium-127 100

100 Tellurium-129m 10

10 Tellurium-129 100

100 Tellurium-131m 10

10 Tellurium-132 10

1 Terbium-ISO 10

1 Thallium-200 100

0.1 Thslliura.201 j
I Ttuallum.202 1

10 Thallium-2M 10

1 **Thorium (liatUral),----...... ...... 100

10 Thullum-170 10

.., A. 10 Thulium-171 10

10 rte-l13 10
.7,, 100 Tin-126

lbo Tungsten-1BL 10

10 Tungsten-166 ...... 10
.. Tungsten-1157 100
w*Braniiira (nataraDt- ..... -....-- 100

Uranium-2113 .01
Uranlum-234---Nrinium-235 .01
Vanadium-4S 10
Xenon-131m' r 1,000
Xenon-123 100
Xenon-135 . 100
Ytterbium-175 190
Yttritim.90 10
yttrium-9I 10
Yttrium-92 , 100
yttrium-93 :Zinc-66 L. 10
Zinc-611m 100
Zinc-69 1,000
Zirconium-92 10

Zirconium-96 10

Zircontum-07. 10

00
00

00
00

100
10
10
10

100
100
10

100
100
100

...- 100
10

100
10 ,
10
10 ,
10

g

859

831

1 BUM on he dislategration rote of
112-212. Th-20 and their daughter product&

slimed ma elphe didnievration MU of
11-3311, 11-324. ,,5 U%1

Aniendedc-4 FR 16595.
Amended 39 FR 23990.

t Amended 35 FR 29314-_-_-:-

April 30, 1975
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

Appendix D

UNITED' STATES NUCLEAR REGULATORY COMMISSION

INSPECTION AND ENFORCEMENT REGIONAL OFFICES

,
Region

1

-Address

. .
--'

-
Te Noboru

.
Daytime

..
Nights and
t-bildlys

If
Connecticut, Delaware, District of

lumbia, Maine, Maryland. Massachs-
setts, New myth re, New Jersey..
New York, Pennsylvania, Rhode is.
Land, and Vermont

. *.
ti

Regioh 1-, USNRC .t,
Officio of Inspection and

Enforcement .
631 Park Avenue
King of Prussia, P. 19406

(215 )-337-1150
.

(215) 337-1150 ,

.

11
Atabama,Floride, Georgia, Kentucky,

MissIss1,ppl, North Carolina PanamaPanama
Canal Zone, Puerto Rico. S
Carolina, Tennessee, Virginia, Virgin
!Panda, and West Virginia

Region II, USNRC
Officio of Inspection and

Enforcement
230 Peachtree St N.W.-.Suite Ill
Atlanta, Ga. 30303

(404) 526-4703

,

4(404)526503

.

III
5. .

Illinois, Indiana, Iowa, Michigan, Minn
rota, Missouri, Ohio, and YAsconsin

oFt,r4.--. , l

,

Ration III USNRC
Office of inspection and

Enforcement
799 Roosevelt Road
Men Ellyn, Ill. 60137

.

(312) 146-2660.

,

'1312) 739.7/11

l
1V

Arkansas. Colorado, Idaho, Kansas,
Louisiana, Montana, Nebraska, New
Mexico, North Dakota, Oklahoma,
South Dakota, Texas, Utah, and
Wyoming

N.
N.
Region IV; USNRC
Office of inspection and

Enforcement
4611 Ryan Plaza Drive

Suite 1000
Arlington, Texas 76012

(617) 334-2541 007) 334,2541
.

. V
Alaska, Arizona, California, Hawsil,

Nevada, Oregon, Washington, and U.S.
territories and,possessions In the
Pacific r..

Region V, USNRC
Office of Inspection and

Enforcemant .
1990 N. California Blvd.
Suit. 202
Walnut Creek, Calif.

94596

9415) 455 - 3141.(415) 273.4237

Ir

* April 30,1975

Amended.
4 Amended 39 FR 17972.

38 FR 17198

NOTE: The reporting and record keeping
!squirt/1001ns contained in 1120.105(byand
20.205(c) and required by §20.49109 MY*
been approved by GAO under 1480225
(900$4). The approval expires June 30,
1977. f
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o
TABLE (24 values)

Guide for Safe Siding 2n Table Values

Enter72n'Table Leave 2
n

Table"

Unknown Select . with

?
2
n

X1/,, t
1/?.,

X, t 2n

R

R
0

n

n

smaller 2n

larger 2n

smaller n

larger n

n

n

2n,

2n

rl 2
n

n 2n n 2n n 2
n

,

,

-o. 1.000 2.0 4.0oo 4.o 16.00 6.o 64.o

0.1 1.072 2.,1 4.280 4.1 17.20 6.1 ''' 68.o

0.2 1.149 2.2 4.590 4.2* 18.40 6.2 74.o

0.3 1.232 2,3 4.950 4.3 19.70 6.3 78.0

o.4 , 1.320 2.4' 5.28o 4:4 21:20 6.4 84.o

0.5 1.415 2.5 5:650 4.5- 22.60 6.5 90.0

0.6- 1.515 '2.6 6.050 4.6 2420 6.6 9T.0 -

o.7 1.627 2.7 6.500 4.7 25-.90 6.7 104

0.8 1.743 2.8 6.950) 4.8 27.8o 6:8 112 .

0.9 1.868 2.9 7.450/ 4.9 29.80 6.9 119

1:0 2.000 3,0 8.008 5.0 32.0 7.0 128

1.1 2.150 3.1 8.55 5.1 34.2 7'.1 136

.1.2 2.300 3:2 9.18 '5.2 36.7 7.2 146

1.3 2.47o 3.3 ,9.85 5.3 39.2, 7.3 157

1.4 2.64o 3.4 10.60 5.4 4.?.1 7.4 170

1,5 2.83o 3.5 11.30 5.5 45.2 7.5- 181

1.6 3.030. 3.6 12.10 '5.6 48.4 1.6 194-

1.7 3.250 3.7 13.00., 5.7 52.0 7.7 206

1.8 3.480 3.8 .13.90 ' 5.8 56:0 7.8 220

1.9 3.730 3.9' 15.00 , .5.9
,
60.0' a

.7.9 24o

The use,of the guiae for saf6 siding depends on the variable which

is unknown. For example, if the thickness is unknown, find X in the

"unknowe-column, read4 to the right. Find that yoUshould enter the

'table with 2n, select the larger value of 2n, select the larger value

of 2n-and leave with the value of n corresponding to that largest value.
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a 2n n 2
n

. n
6

2n n ^ 2n

.

...

8.o 256 . 11.0 2048 14.0 16384 17.0 131072
8.1 272 11.1 2200 14.1 17600 17.1 . 1139000
8.2. 292 11.2 2360-, 14.2 . 18850 17.2 150000,
8.3 312 11.3 2530 14.3 20200 17.3 162000'
8.4 338 11.4 2640 14.4 X1800 17:4 ,174000
8.5 360 11.5 2900 - 14.5 23200 17.5 186000
8.6 385 11.6 3110 14.6, 24800 17.6 199000
8.7 417 . 11.7 3330 14.7 . 26600 17.7 2110,00
8.8 445 11.8 3560 14.8 . 28500 17.8 228000
8:9 48o 11.9 3820 14.9, X0600 427.9 246000

9.0 ,. 512 12.0 4096 .15.0 32768 18.0. 262000
9.1 550 12,1 4390 15.1 35100 18.1 279000
9.2 580 12,2 4700 15.2 37600 18.2 299000
9.3, 630 12.3 5070 15.5 40200 18.3 320000
9.4 68o 12.4 5420 15.4 43200. 2.4 327000
9.5 720 , 12.5 5790 2.5.5 46400 18.5 369000
9.6 770 12.6 6200 15.6 49600 18.6 395000
9.7 830 12.7 6760 15.7 53300 18.7 426000
9.8 890 12:8 7120 . 15.8 57400 18.8 456000
9.9 950 12.9 7630' . 15.9 61600 18.9 492000

10.0 1024 I 13.0 8392 16.0 65536 19.0- 525000
10.1 1100 13.1 .8760 16.1 69700 . 19.1 564000
10.2 1180 13:2 9410 . 16.2 75800 19.2. 594000.
10.3 1260 13.3 10100 16.3 80000 19 j 646000
10.4 1350 '13.4 10870 , 16.4, 86200 19.4 696000
,10.5 1455 13.5 11600 16.5 92300 19.5 7 :000
10.6 1560 , 13:6 12900 16.6. 99500 19.6 78;...
10.7 1670 13.7 13300 16.7 107000 19.7 852000
10.8 1780 13.8 14200 .16.8, 115000 150 903000
10.5 1920 13.9 15400 16.9 122d00 19.9 974000

,

. , 20.0 ,(...1050000
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